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" The ezecntion of such a project as this is ^eatly facilitated by the Lecturer's 
happy prerogatives. The mere limits of time to which he is bound, preclude, iu 
any case, his attempting the exhaustive treatment of his themes. At the lec- 
ture-table he is only expected to display a few salient facts, in a striking and 
attractive form, and to deduce therefrom a few guiding principles, so as to assist 
his auditors in acquiring for themselves the details of the science. Any attempt 
on the lecturer's -paxt to make his brief discourses encyclopsedic, must, of neces- 
sity, fail; nay, lectures are probably by so much the better fitted for their pur- 
pose, by how much they are freer from unnecessary detail, and more thoroughly 
emancipated from the trammels of systematic routine.'*— ^<{/^ia7in'« Introduction 
to Modem Chemistry. 

"Scientific method is no peculiar mystery, requiring a peculiar initiation. It 
is simply common sense combined with uncommon courage, which includes 
common honesty and common patience ; and if you will be brave, honest, patient, 
and rational, you will need no mystagogues to tell you what in science to believe 
and what not to believe ; for you will be just as good judges of scientific facts 
and theories as those who assume the right of guiding your convictions." — Rev. 
C. Kingsley in ^Frcuer'a Magazine' for July 1866. 
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PEEFACE. 



EtING the last twenty years immense progress lias ' 
I made in the dissemination of Geological know- 
ledge, yet still the old cry, " It la so difficult, bo full of 
technicalities, so hard to be understood." Now, with- 
out admitting that Geology is fuller of technicalities, 
or one whit more difficult to be understood, than other 
acieaees, I have thought it worth while, in the present 
volume, to attempt a simple and familiar exposition of J 
its leading truths and principles. Because some have f 
made the same attempt and failed is no reason why ' 
I should not try; because it is fashionable in some 
quarters to sneer at popular sketches is no reason why 
I should be deterred from expressing my conviction 
that sketches of this kind are the only means by 
which the majority of people can acquire any know- 
ledge of science, while in many instances they form 
the first steps even to those who subsequently profess 
to despise them. Because information is given in a 
popular way, it need not be inaccurate and flimsy; 




Tl PBEFACE. 

because it is told in a familiar manner, it need not be 
either undignified or unattractive. 

Discarding technicalities as much as possible, and 
avoiding the formality of a text-book, I have still 
arranged the subjects so as to present a connected 
view of the science; and he who reads them in order, 
and understands as he reads, will have a fair concep- 
tion of the scope and bearings of Geology. At the 
same time, each sketch is complete in itself, and con- 
tains, as far as it goes, an outline of our present know- 
ledge of the matter to which it refers. This mode of 
treatment may lead to an occasional repetition, but a 
repetition in such cases is rather an advantage, as tend- 
ing to render the matter more intelligible, and fix it 
more enduringly on the memory. I may also men- 
tion that several of the topics have been repeatedly 
brought before miscellaneous audiences in the form of 
popular lectures, and naturally indulge the hope that 
what was appreciated by them will prove equally in- 
viting and instructive to the miscellaneous reader. 



D.P. 



GiLMORE Pla.ce, Edinburgh, 
February 1866. 



SECOND EDITION. 



TfflS Edition, so speedily called for, contains few new 
facts or discoveries, but it embodies three additional 
chapters — one on Metamorphism, or that internal 
change which every rock in the earth's crust is in- 
cessantly undergoing; another on Veins, their nature 
and origin ; and a third on What we owe to our Coal- 
fields. Besides these chapters, which seem necessary 
in a compendium of General Geology, a number of 
emendations have been made throughout the work — 
the author's desire being to render it still more ac- 
ceptable to that extensive and ever-increasing section 
of readers for whom it is specially intended. 

October 1866. 
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THE CKUST WE DWELL VTON. 



I ISTBBIOK — OOMPOSED ( 



rODKOEa KOCKS — EXAMPLES O 



THEOBETICAI. A. 

' Whkrevbb we travel we find the land made up of rocks 

I Bad Touky subatancea. If we go to the aea-shores, we find 
nntilar suhBtancee BtretchiDg away beneath the waters, or 
Indi^ np in mid-ocean as reefa and islands. The fair in- 
ference therefore is, that all the exterior of oui planet is 
composed of roeka and rock-fonuationa, and that the ocean 
I merely occupies the great hollows oi depioaaiona in the 

ST 



18 THE CRUST WE DWELL UPON. 

basins of the continents and islands. To this rocky ex- 
terior geologists apply the term " crust," much in the same 
way as the housewife speaks of the crust of her loaf, or the 
schoolboy of the crust of ice that forms on the stagnant 
pool during the frosts of winter. The crust is something 
hard and consistent, and may differ both in nature and 
consistency from the interior on which it rests, or over 
which it may be formed; and this is precisely the idea 
entertained by geologists when they speak of the outer 
shell or " crust of the globe." 

The rocky exterior over which we travel, and into which 
we dig and mine and tunnel, is a thing we can see and in- 
vestigate to a limited depth ; but the interior, sinking away 
four thousand miles to the centre, is placed altogether 
beyond our reach and observation. It may consist of rocky 
substances, but if so, they must be in a condition as to 
density altogether different from those we find at the sur- 
face ; for as a planet the earth has a certain astronomically- 
ascertained weight, and were the force of gravitation to 
exert itself to the centre on such rocks as we know, their 
compression would give to the earth's mass a weight far 
exceeding that which its astronomical relations will allow.* 
Again, as we descend into the earth by mines, shafts, and 
Artesian wells, the temperature seems to increase at a given 
ratio (about one degree Fahr. for every 60 feet of descent); 
and at this rate a depth would soon be reached at which 
every known substance would be held in a state of incan- 
descent fusion, or even vaporiform dispersion. It is conve- 
nient, therefore, to draw a distinction between the " crust" 
we can examine, and the " interior," respecting which we 

* The reader must guard against the idea that at extreme depths 
all substances suffer alike from mutual mechanical pressure. Their 
different compositions forbid this supposition ; and their densities must 
continue to depend (no matter what the depth) more on their chemical 
nature than on the amount of compression to which they are subjected. 
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^Sa only form hj-potheaea. And it is this crust which con- 
stitutes the great theme of geological investigation. What 
is the nature of the rocks of which it is composed 1 how are 
they arranged J by what agencies have they been formed ? 
what changes are they now undergoing 1 and, reasoning from 
the known to the unloiown, what changes do they seem to 
have undergone in former periods i If we can answer all 
these questions, or approach to anything like a reasonable 
answer, we then present something like a history of om 
planet j and such a history is the aim and object of all 
sound geology. 

We have said that this earth-crust consistH of rocks and 
rock-formations ; and here we must explain that the term 
" rock" is applied by geologists to all the solid substances 
that enter into its composition. And there is good reason 
for this usage. The sand and gravel of the searshore are 
but comminuted rock-matters derived from the cliffs above; 
the sands and loams and clays of the valleys are merely 
rock-debris, worn and washed in course of ages from the 
lulla and uplands. Be it gravel or sand, clay or mud, all 
Me alike known to the geologist as " rocks;" and there can 
be no doubt that, were these loose and soft matters con- 
solidated by pressure or other agency, they would become 
again compact and hard, like the rock-masses from which 
iiasY were originally derived- It is necessary, then, to bear 
ia mind this technical use of the term " rock ; " and the 
Inst reflection upon the changes (mechanical and chemical) 
which all rock-matter is incessantly undergoing will show 
the Bppropriatenesa of the application. 

ITnderetanding, then, what geologists mean by the term 
"lock," and bearing in mind that their labours are re- 
stricted to the accessible crust, let us inquire a little more 
aairowly into the nature of the rocks of which this crust ia 

. ^oniposed, and the modea of their anangement Wher- 
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ever the structure of the crust is revealed — ^whether along 
the cliffs of the sea-shore, in ravines worn out by rivers, in 
shafts sunk for mining, or in railway-cuttings and tunnels 
— ^we see the rock-masses arranged in two great ways. A 
large and extensive class — like the sandstones and shales 
and limestones — lie in layers or beds one above another; and 
a second class — like the granites, greenstones, and basalts — 
exhibit no lines of bedding or layers, but occur in vast and 
indeterminate masses. These two modes of arrangement 
may be seen in almost every railway-cutting and sea-clifF, 
and must obviously have arisen from different causes. "Now 
the great maxim in geology is to reason from the known to 
the unknown, and to appeal from the existing operations of 
nature to the operations of the past. For, as was long ago 
well remarked by Hutton, " when from a thing which is 
well known we explain another which is less so, we then 
investigate nature ; but when we imagine things without a 
pattern or example in nature, instead of Natural History, 
we write merely fable." Abiding by this method, we find 
nature at the present day laying down, in every lake and 
estuary and sea, layers of mud and sand and gravel, vary- 
ing in thickness and continuity, according to the extent 
of the areas and the magnitude of the in-flowing rivers ; 
and were these layers consolidated, sand would form sand- 
stone, gravel conglomerate, and mud shale. Here then, 
as we cannot regard nature acting in time past otherwise 
than at present, we are entitled to infer that all rocks in 
the earth's crust occurring in layers have been formed 
through and by the agency of water — ^that is, that they 
are the sediments of former lakes and estuaries and seas, 
the particles of which they are composed having been worn 
down by water, transported by water, and deposited in 
water. Hence all such rocks are regarded as aqueous, sedi- 
mentary , or stratified^ and indicate that the areas they now 
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occupy were at some former period the sites of lakes, estua- 
ries, and seaa. 

In a similar manner we seek to explain tlie origin and 
nature of the basalts and greenstones that rise up in homo- 
geneous maasos, and not in layers or bed aboTe bed. And 
when we go to the volcano or burning-mountain, and ob- 
serve the discharges of molten lava, which when cooled 
assume a structure scarcely distinguishable from that of 
the basalts and greenstones, we are equally entitled to 
infer that these have originated lite lava, and consequently 
have been formed through and by the agency of fire ; hence 
we regard them as igneous or vnlcanic if we refer to their 
origin, and uiiatratijied if to their mode of arrangement. 
There are thus in the crust of tho globe only two great 
categories of roeka — the aqueous or stratified, and tho 
igneous or unstratiiied ; the former produced through and 
by the agency of water, the latter through and by the 
agency of tire. The stratified, by the watorwom particles 
of which they are composed, and their sedimentary arrange- 
ment, layer above layer, give evidence of the forces that 
operate from without ; the unatratifled, by their crystaUine 
texture and the manner in which they break through and 
derange the sedimentary strata, of the forces that exert 
themselves from within. 

These two sets of rocks are being formed at the present 
day — the stratified or sedimentaty in eveiy lake, estuary, 
and eea, and the unstratified or eruptive around every 
active volcano. And, as nature's operations are incessant, 
BQch rocks must have been formed during all time — fi^m 
the current hour back through untold ages. Did the 
watery forces — rains, rivers, waves, tides, and ocean-cur- 
rents — alone prevail, the dry land would in course of time 
be worn and wasted down to one uniform level, over which 
the ocean might roll in uninterrupted continuity. £ut just 
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as certainly as waste and degradation are going on from 
without^ so the fiery forces — the volcano and earthquake — 
are as incessantly operating from withiriy upheaving new 
lands and mountains, and conferring on the whole new irre- 
gularity and diversity of surface. The earth's crust is thus 
held in equilibrium between these two opposing forces, fire 
and water — between waste and degradation on the one 
hand, and reconstruction and upheaval on the other. In 
this way former lands have been wasted and worn down, 
and former estuaries and seas filled with the sediments; 
old continents and islands submerged beneath the waters, 
and the sea-bed upheaved into newer lands. The rocks of 
the earth's crust are the only memorials of these repeated 
changes ; and if geology is earth-history, it must endeavour 
not only to decipher the changes they record, but to arrange 
them in chronological sequence and connection. 

When we look, then, at the changes now taking place 
on the earth's crust, and the new rocks that are in process 
of formation, we behold in them the exact counterparts 
of what must have taken place during aU former periods. 
"Winds, frosts, rains — springs, streams, rivers — ^waves, tides, 
and ocean -currents — are ever weathering and wasting the 
rock-matter of the globe; and the matter worn down is 
borne by rivers to lakes and estuaries and seas, and there 
deposited in layers of mud and clay and sand and 'gravel, 
or further reasserted by the tides and currents of the 
ocean. Coral-reefs, shell-beds, and other masses of animal 
origin, are also accumulating in various parts of the ocean ; 
while peat -bogs, swamps, and forest -'growths are adding 
analogous masses of vegetable origin to the land. Hot- 
springs and mineral- springs are also carrying matters in 
solution from the earth's interior, and depositing these along 
their courses ; while volcanoes are ever throwing out from 
the same interior showers of dust and ashes, and masses of 
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molten lava. The earthquake also, wliich is but another 
manifestation of volcanic agency, is ever breaking up the i 
rocky crust— here raising the sea-bed into dry land, and 
there submerging the dry land beneath the ocean — here 
rending and fissuring, and there producing inequalities and 
■varieties of surface. Whatever is worn and wasted irom 
one portion of the crust is laid down in another ; there is 
nothing lost ; hut the interchanges and variations are inter- 
minable. The crust we dwell upon — stable and enJuring 
as we are accustomed to regard it — is thus a thing of inces- 
eaiit change, protean in its superficial aspects, and ever- 
shifting in its terraqueous arraugementa. 

If the earth's crust he thus continually worn away in 
one district and reconstructed in another, some portions — 
like the lavas of Etna and the delta of the Gauges — must bo 
comparatively recent, and others — like tho Grampian Moun- 
tains and the coal-fields of Britain — of vast antiquity. In 
the former instances, the lavas and mud-islands are forming 
beneath our observation ; ia the latter, the formative pro- 
cesses have ceased, and no perceptible change has occurred 
for ages. To arrange the rock-formations of the earth into 
chronological order ia one of the first duties of geology, for 
without this sequence there could be no history, and a con- 
nected history of the changes tliis crust has undergone is 
the great object of all geological investigation. By a rock- 
formation is meant the strata that have been deposited in 
any lake, estuary, or sea-area. Tho layers of mud, clay, 
marl, sand, and gravel which have filled up any ancient 
lake consiitnte a. lacuslriTie formation ; the sediments that 
are similarly deposited in estuaries an entuarine formation ; 
and those deposited in seas, and subsequently upraised into 
dry land, a marine formation. In course of time, by pres- 
sure, chemical and other means, sands become sandstones, 
.gravels conglomerates, clayey muda shales, calcareous muds 
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UmestoneSy muds largely impregnated with iron ironstonesy 
and vegetable masses coals; and it is in this way that the 
sediments of former lakes and estuaries and seas have 
become the rocky strata that now constitute the crust of 
the globe. As might be expected, there will often be every 
degree of admixture among these rocky strata, just as there 
is every degree of admixture and impurity among the sedi- 
ments of existing seas and estuaries. There will be sand- 
stones argillaceous, and sandstones calcareous ; shales bitu- 
minous, shales calcareous, and shales ferruginous; limestones 
argillaceous, and limestones siliceous ; coals so pure as to 
bum away without leaving scarcely a trace of ashes, and 
others so stony as to be altogether unfit for faeL The solid 
crust is, indeed, mainly made up of mixed rocks — that is, of 
arenaceous (sandy), argillaceous (clayey), calcareous (limy), 
siliceous (flinty), bituminous (coaly), ferruginous (iron- 
impregnated), and other similar compounds ; but whether 
these rocks be sedimentary sandstones, grits, conglomerates, 
shales, limestones, and ironstones, or fire -formed lavas, 
greenstones, basalts, and granites, the great object of 
geology is to distinguish between the older and newer, 
to arrange them in chronological order, and so arrive, if 
possible, at a knowledge of the geographical conditions 
which accompanied their formation. JSTor is this endea- 
vour in the least chimerical or uncertain ; for as was well 
remarked by Humboldt, now nearly half a century ago — 
" The superposition and relative age of rocks are facts sus- 
ceptible of being established immediately, like the structure 
of the organs of a vegetable, like the proportions of ele- 
ments in chemical analysis, or like the elevation of a moun- 
tain above the level of the sea. True Geognosy makes 
known the outer crust of the globe, such as it exists at the 
present day. It is a science as capable of certainty as any 
of the physical descriptive sciences can be." 
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I general rule, the oldest formations will be the 
in other words, tho strata that Ho be- 
neath must be older than those that He above them. Gene- 
rally Bpeaking, too, the older rocks will be harder and more 
cryBtolline in texture than the younger. There may he 
isolated exceptions to this, but the great fact holds good, 
that the older formations are really the more cryetaUiae, 
and that this characteristic becomes less and less marked 
till we an-ive at the recent and superficial layers of clay, 
sand, and gravel. Again, all the stratifled rocks are less 
or more Ibsailiferous — that is, contain the petrified remains 
of plants and animals — and these /(wsi'fe, as they are called, 
lead to pretty correct inferences not only as to the relative 
ages of forraations, but as to the conditions under which 
they were deposited. And they do it in this way. Every 
lake, or estuary, or sea, imbeds m its sediments the re- 
nmns of plants and animals that have cither been drifted 
from the land by rivers or have lived and grown in the 
wateiB of deposit. As these remaiua get imbedded in the 
sands, clays, and calcareous muds, and excluded ftom the 
action of the air, they gradually undergo a change, become 
impregnated with mineral solutions, and in course of time 
are petrified, or converted into stony matter like the strata 
that contain thera. At the present day the plants and 
animals entombed in the delta of the Mississippi differ 
widely from those entombed in the delta of the Ganges ; 
and were these deltas subeequently converted into rock- 
fonnations, those plants and animnlH would afford evidence 
of the kind of life and ctiraate that prevailed in their re- 
spective areas. It is in this manner that the fossils found 
in the earth's crust bespeak the conditions under which 
th^ lived — aquatic or terrestrial, fresh-water or marine, 
inhabitants of a cold climate or inhabitante of a genial one. 
They further afford the best of aU evidence as to the rela- 
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tive ages of formations — the more recent containing the 
remains of plants and animals nearly akin to those still 
peopling the earth, while the more ancient contain plants 
and animals that differ widely from the existing — and this 
difference increasing with the age of the formation. 

Here, then, by means, first, of superposition, second, by 
mineral composition, and, tldrdlyy by fossil remains, the 
geologist can arrive at the relative ages of the rock-for- 
mations that constitute the earth's crust, and can arrange 
them into sections and systems and periods, just as the 
historian arranges the reigns and dynasties and periods of 
human history. As the one speaks of ancient, medieval, 
and modem times, so the other speaks of primary, second- 
ary, and tertiary systems. As the one groups the popula- 
tions of the world into ancient, medieval, and modem, so 
the other groups its life into eozoic, palaeozoic, mesozoic, and 
cainozoic — that is, dawn-life, ancient-life, middle-life, and 
recent-life. But while the geologist thus reads the history 
of the earth mainly through its stratified rocks, he at the same 
time receives important aid from its igneous or unstratified 
masses. These, as volcanic products, break through the 
stratified formations, throw them out of their horizontal 
position, overflow them in part, insert themselves among 
them as intrusive masses, and fill up rents and fissures in 
the form of dykes and veins. All this gives ample evidence 
of former change, and presents a lively picture of the opera- 
tion of these gigantic forces which are still so instrumental 
in modifying the existing aspects of our planet. In fine, 
the whole crust is replete with evidence, physical and vital, 
of the earth's former conditions. Our globe writes, as it 
were, her own history — every layer of mud and sand laid 
down in water, every shower of ashes or sheet of lava 
ejected from a volcano, every stem and twig, every shell 
and tooth and scale preserved in sediment, forming an 
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tideiit in that progress wluch. it is the great object of 
geology to unfold. Geology is in fact the Physical Geo- 
graphy of former ages. For juat as the geographer endea- 
vours to depict the existing aspects of sea and land, the 
climates thoy enjoy, and the plants and animals by which 
they are peopled, bo the geologist labours to recall the 
aspects of the past — the distributions of sea and land at 
each aucceaaive stage, the plants and animals by -which they 
■were characterised, and by inference the nature of the phy- 
sical conditions, genial or ungenial, by which they were sur- 
rounded. The methods of the one are but the methods o 
the other ; and the more the geologist knows of the exist- 
ing operations of nature, the better will be be able to inter- 
pret the operations of the past. The phenomena of the 
present are patent, and for the most part explicable ; those 
of the past are obscure, and, in proportion to their distance 
obscurity, the greater the interest excited and the in- 
uty required for their interpretation. 

'And surely if men take an interest in the history of their 
own race — in the mounds and barrows, the tombs and 
pyramids, the towers and temples of bygone populations, 
whose dates extend at moat to a few thousand years — -much 
more ought to be their enthusiasm in that higher history 
wMcb carries the inquirer from the historic to the prehis- 
toric, and beyond the prehistoric into events and aspects 
whose distance can only be indefinitely indicated by eras 
and cycles. The events of the one history are scattered 
over a small portion of the earth's surface, and for the most 
part only under a few feet of rubbish ; the events of the 
other are universal, and found in every stratum that enters 
into the composition of the rocky crust, The events of the 
history are no doubt more direct and immediate; but the 
iteneaa of the other, their strangeness and their variety. 
Id only excite our interest the more, and exalt ouroon- 
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ceptions of that Creative Wisdom which has exerted itself 
in this world of ours ages before the human race became 
witnesses of its beauties or pjorticipators in its bounties. 
And the clearer we can render this history, the more 
minute our analysis of the earth's crust ; and the closer the 
connection we can establish between the successiye stages 
of its formation, the more attractive and instructive will the 
geological record become. 

In arranging the rock-formations of the earth, we may 
either divide them, as the older geologists did, into Pri- 
mary y Seccmdary, and Tertiary; or looking, as modem 
geologists do, more especially at their fossils, we may adopt 
the subdivisions, Eozoic, Palceozic, Mesozoic, and Caino- 
zoic. In either case these main divisions contain several 
formations of marine, estuary, or lacustral origin, and these 
it is customary to name either after their prevalent rocks, 
their most characteristic fossils, or some geographical area 
in which they are typically displayed. Thus the Cretaceous 
or Chalk system is so named from chalk -rock forming 
its most distinctive feature in the. south of England, and 
the Old Eed Sandstone from its consisting largely of red- 
dish-coloured sandstones; while the Silurian is named after 
the district between England and Wales, where it is typi- 
cally developed, and which was anciently inhabited by the 
Silures, and the Laurentian because typically displayed in 
the region of the St Lawrence. Adopting this plan (and 
it matters little what the nomenclature, provided we be 
certain of the chronological order), the stratified rocks of 
the crust may be arranged in the following manner — not 
going into minutiae, but simply presenting' such leading 
features as may convey to the miscellaneous reader some idea 
of the sequence that prevails among the stratified systems, 
and the ascent of life, vegetable and animal, as it makes its 
appearance from the lowest to the highest formations : — 
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Studying the preceding scheme, it will be seen how 
numerous are the formations that compose the earth's crust, 
each formation representing the sediments of former lakes 
and seas, and each varying in composition according to the 
conditions under which it was deposited. It will further 
be seen that from the oldest to the most recent there has 
been an ascent, in general terms, from the lower to the 
higher forms of life — the sea-weed preceding the fern, the 
fern the conifer, the conifer the palm, and the palm the 
true exogenous timber-tree; and so in like manner the 
zoophyte preceding the shell-fish, the shell-fish the fish, 
the fish the reptile, the reptile the bird, and the bird the 
mammal. We have thu9 revealed by a study of the earth's 
crust, what our forefathers never dreamt of — namely, that 
this crust is in a state of incessant change, what was for- 
merly dry land becoming the sea-bed, and what was once 
the sea-bottom being upraised into dry land ; that these 
old sea-sediments constitute the formations which com- 
pose the earth's crust; that these formations are replete 
with the evidences of former life ; that this life evincQS a 
progress from lower to higher forms ; and that all the in- 
terchanges of sea and land, all the waste and reconstruc- 
tion, all the growth and decay of bygone life, establish an 
antiquity for this world of ours vast beyond all human 
conception. 

Summing up, then, our knowledge of the rocky crust — 
and this without any conjecture as to the nature of the 
earth's interior — it may be stated in general terms, firstj 
That this rocky crust is in a state of slow but ceaseless 
change, and that the causes — meteoric, aqueous, igneous, 
chemical, and organic — that now waste and reconstruct 
have been productive of similar changes in all time 
past. Secojid, That these changes, like all other natural 
operations, must be governed by imperative laws, and that. 
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tlie mineral structure of tlie globe arising therofi'om liaa 
consequently a, definite and determinable arrangement. 
Tinrd, That this arrangemeDt, as displayed in tho numerous 
rock-formations, implies an enonnous Jajjse of time — time 
to waste and wear, time to transport, and time to deposit 
and reconstruct— and therefore establishes an antiquity for 
our globe vast beyond all previous conception. Fourth, 
That during the long periods which these successive forma- 
tions — that is, successive distributions of sea and land — 
imply, the earth has been peopled by diiTerent races of 
plants and animals — all evidently belonging to the same 
great scheme of life, but varying widely in their character- 
istics during eatib succeeding epoch. Fifth, That during 
these periods tliere has been an ascent, in the main, from 
lower to liigher forms ; and that the plants and animals 
now inhabiting the globe are, on the whole, higher and 
more Epecially organised than the plants and auimals of 
any former period. Sixth, That these sneciassive appear- 
ances and distributions of plants and animals are connected 
together in one great scheme of life by some pervading law 
of development which, though not yet satisfactorily dis- 
covered, is evidently bound up with the operating forces of 
the universe. And, lastly. The earth being still subjected 
to the same causes of change and, from all we can see, to 
the same law of development that operated in time past, 
the fiiture aspects of our planet must differ from the pre- 
sent physically and vitally — its present distribution of sea 
and land giving place to other arrangements of sea and 
land, and its present living races to others of a still higher 
and mote specialised organisation. 

Such is the crust we dwell upon, and the teachings 
which a study of its structure can convey. Tlus rocky 
exterior is all we know with certainty of the composition 
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of our planet-the foundation of aU geographical diversity, 
the diversified habitat of plants and animals, the scene of 
man's own life-labours, and the storehouse of those mine- 
rals and metals upon which his civilisation and progress are 
so intimately dependent. The study of its structure is 
replete with intellectual interest of the most exalted de- 
scription. The VMiety of its rock-formations, the minerals 
and metals they contain, their modes of aggregation, and 
the curious changes to which they have been subjected in 
their repeated alternations from sea to land and &om land 
to sea, are all calculated to excite our interest and increase 
our admiration of the means employed by the Creator to 
alter, to diversify, and to sustain. And that interest and 
admiration are increased a hundredfold when we perceive 
in these formations the nature of the life that has preceded 
us rising through long ages from the simple to the more 
complex, from the simply sentient to the intellectual and 
reflective, and this through forms so countless and varied, 
and yet all belonging to the same great plan, that nume- 
rous as are the existing forms of plants and animals, they 
form but a tithe of those that have necessarily existed be- 
fore them. No one, then, can look into the structure of 
this crust without receiving newer and deeper insight into 
the laws and ordainings of nature, and from all deeper in- 
sight of nature the human intellect arises wiser, happier, 
and more exalted. 

But the study of the earth's crust is not less desirable 
from its economic advantages than from its intellectual in- 
terest. Man's civilisation and progress, and his mastery 
over the powers of nature, are intimately dependent upon his 
knowledge and application of the minerals and metals. In- 
deed, modem civilisation and progress have largely arisen 
from this knowledge of the minerals and metals; and as 
these hold determinate positions in the various formations 
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tiie crust, an acquaintance witli tliat cniet is indiepeu- 
salile to their acquisition. Gold and silver, coa! and iron, 
gems and precious stones, me not scattered indiseriminate- 
ly through the eaith. Some occur more ahundantly in one 
formation than in another ; some in beds, others in veins ; 
some exclusively in one kind of matrix, others in another; 
and all this knowledge as to abundance, depth of strata, 
direction of veins, and the like, can only ho acquired by a 
study of the structure and arrangement of the rocky crust. 
Geology has thus all the interest of a wondrous Paat to 
attract ; it possesses all the value of a sterling Present to 
incite to its study and acquirement. To the geneial reader its 
revelations of world-history will ever form themes of intel- 
ligent attraction ; to the miner, the engineer, the architect, 
and others whose busineas is to deal with the structure and 
products of the rocky exterior, its deductions are of direct 
^^^A special importance, 

HBISiich, once more, are the economic and intellectual ad- 
^^^BntagBS arising from a study of the structure of the crust 
we dwell upon — economic advantages of which our country, 
in every department of its industry, is every day reaping 
the benefit, and intellectual promptings which have led to 
a newer and deeper insight into the laws and ordainings of 
nature. We say newer and deeper insight, for with in- 
creased knowledge of the past must extend our knowledge 
of the present ; and the tendency of all true knowledge of 
God's workings in nature must ever be to make men better, 
wiser, and happier in all their relations to that nature of 
which they form so prominent a part. Everything is 
bound up one with another in the Divine scheme of the 
universe ; and he who perceives this truth most fiiUy in 
the physical world is surely the most likely to regard it 
in the intellectual and moraL On this ground alone, and 
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altogether independent of its intellectual pleasures and 
economic advantages, the science of this earth -crust is 
worthy of our closest cultivation — leading the mind from 
the harmonies that prevail in the natural world up to the 
higher harmonies that ought to pervade the human and 
social. 
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" OcE Bolid oartli ia everywhere waated, where exposed to 
the day. The Bummita of the mountains are necesBariiy 
degraded. The solid and weighty materials of those moun- 
Iftins are everywhere urged through the valleys by the force 
of running water. The soil, which ia produced in the de- 
rtruction of the solid earth, is gradually travelled hy the 
moving water, hut is constantly supplying vegetation with 
ita necessary aid. This travelled soil is at last deposited 
npon the coast, where it forms most fertile countries. But 
the hiUowa of the ocean agitate the loose materials upon the 
ihore, and wear away the coast, with the endless repetitions 
of this act of power, or this imparted force. Thus the con- 
lincjit of OUT earth, sapped to its foundation, ia carried 
away into the deep and sunk again at the hottom of the 
Bea, wlicaco it had originated, and from which, sooner or 
later, it will again make its appearance. "We are thua led 
to see a circulation in the matter of this globe, and a system 
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of beautiful economy in the works of nature." Such are 
the words of Dr Hutton in his celebrated * Theory of the 
Earth,' towards the end of last century; and such the 
conclusion at which every one must arrive who gives the 
matter sufficient and enlightened consideration. But this 
incessant transmutation of the solid framework of the globe 
is a conception not readily realised by ordinary minds, partly 
firom the restricted range of observation during a single life- 
time, and partly from our limited notions of time, which is 
in itself illimitable and altogether independent of the events 
that mark the course of its continuity. This difficulty was 
not unforeseen by the Scotch philosopher, and so he goes 
on to remark : — " It is not to common observation that it 
belongs to see the effects of time, and the operation of 
physical causes, in what is to be perceived upon the surface 
of the earth. The shepherd thinks the mountain on which 
he feeds his flock to have always been there, or since the 
beginning of things ; the inhabitant of the valley cultivates 
the soil as his father had done, and thinks that this soil is 
coeval with the valley or the mountain. But the man of 
scientific observation, who looks into the chain of physical 
events connected with the present state of things, sees great 
changes that have been made, and foresees a different state 
that must follow in time, from the continued operation of 
that which actually is in nature." It is the object of the 
present Sketch to place this system of waste and reconstruc- 
tion — of destruction and renovation — in a clear and obvious 
light, that the " common" as well as " scientific" mind may 
perceive the means employed by the Creator to keep this world 
of ours ever young notwithstanding its vast antiquity, and 
to maintain its stability in the midst of incessant vicissitude. 

To the casual observer the hills and valleys that surround 
him appear unchanged and unchangeable. The plains and 
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^^Bfle-fielda mentioned tn ancient history, the eitea of cities 
Slid Larboura, the courses of rivere, and the contour of 
moimtaina, are much the same as when descrihed one thou- 
Bond, two thoueand, or even four thouBand yeara ago. But 
to him who looks a little more narrowly the case is altogether 
different. The stream in the valley has cut for itself a 
deeper channel, and has repeatedly shifted its course — eating 
away the banlcs on one side, and laying down spits of new 
ground on the other. The cliffs in the hille are mora 
weathec-wom and romided, and a larger mound of rock-debris 
hag accumulated at their bases. The lakes of the old his- 
toric plain are partly converted into marshes, and the marshea 
into meadow-land ; the site of the old city on the sea-cliff 
has been partly wasted away by the encroaching waves ; 
and the ancient harbour, once at the river-mouth, is now a 
goodly mile inland, and separated from the sea by a flat 
alluvial delta. The Nilotic plain is not precisely the same 
as when described by Herodotus ; the sunderbunds or mud- 
islands of the Ganges have been largely augmented during 
the last two hundred years ; and many areas that were laid 
down on the charts of our earlier traders as mud-8ats, now 
form fertile portions of the great Chinese plain. Veauviua 
haa repeatedly changed its aspects since Herculaneum and 
Pompeii were buried beneath its ejections ; and there is 
scarcely an active volcano that haa not materially added to 
its bulk since the commencement of the current century. 

Such changes are incessant, and though individually they 
may seem insignificant, yet when viewed in the aggregate, 
and continued from century to century, they assume a mag- 
nitude commensurate with the crust of the globe itself, 
every portion of which has repeatedly suffered degradation 
and renovation, been repeatedly spread beneath the waters as 
sediment, and as repeatedly reconstructed into newer strata 
aai ujiihearved into diy land. Imperceptibly aa the lains 
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and frosts may wear away the moruitain-clifr, slowly as the 
river may deepen its channel, gradually as the delta may 
advance upon the estuaiy, and little by little as the volcano 
may pile up its scoriae and lava, yet after the lapse of ages 
the mountain will be worn down, the river-channel will be 
eroded into a valley, the estuary converted into an alluvial 
plain, and the volcano rear its cold and silent dome into the 
higher atmosphere. All that is necessary is time, and this 
is an element to which we can see no limit in the future, any 
more than we can discover a beginning to it in the past. To 
render these incessant mutations thoroughly intelligible, how- 
ever, to the ordinary observer, it will be necessary to describe 
the agents by which they are effected, and at the same time the 
varying power of these agents according to the latitudes and 
altitudes within which they operate. These agencies may 
be conveniently arranged under five great categories; name- 
ly, 1, The Meteoric J or those — ^like winds, rains, and frosts — 
depending upon the atmosphere; 2, The Aqueous, or those — 
like rivers, waves, and tides — arising from the action of water ; 
3, The Chemical J or those resulting from chemical actions and 
reactions ; 4, The Organic, or those — ^like peat-mpsses and 
coral-reefs — depending on the growth and decay of plants 
and animals; and 5, The Igneous, or those — like the volcano 
and earthquake — connected with the manifestations of heat 
within the interior of our planet. Each of these agencies 
has its own mode of working — some chiefly wearing and 
degrading, some degrading and at the same time accumulat- 
ing, and others solely reconstructing. Let us now glance 
at them in detail : — 

The principal effect of the Metemdc or Atmospheric agen- 
cies is to weather and wear away. Slowly but surely the 
gases and moisture of the atmosphere eat into every ex- 
posed rock-surface. The disintegrated matter is washed 
down by the rains, taken up by the runnels and streams. 
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^Hfl tome onward by the rivera to the ocean. We often 
see the effect of heavy rainfalls on exposed eoila and but- 
facea in our own iaiands— how they hatter, loosen, and 
carry away ; but our rainfall, amonnting annually to eome 
30 or 40 inches, is trifling compared with the rainfall of 
tropical and sub-tropical countries, ran^g from 200 to 400 
inches, and this concentrated for the most part within one 
period of the year. It is not uncommon to hear travellers 
speak of the soils being couYertcd into mud, and of the 
rivers running mud rather than water, and this solely 
through the battering and dissolving influence of the j 
periodical rains. Again, frost in all tho higher latitudes I 
and altitudes is annually performing a similar function, i 
The moistui* that inserts itseM into the porea and inter- 
stices of all rock-suhstancea is converted into ice during 
frost; ice occupies more space than tho water of which it 
consists, or, in other words, water expands during freezing ; 
the particles of rock-matter are distended or forced asunder; 
and when thaw comes, their cohesion being loosened, they 
are washed away by the rains and carried down by tho 
streams and rivers. Every winter we see the disintegrating 
effects of frost on the ploughed soils, road-cuttings, and sea- 
cliffs of our own islands ; and this effect is manifested a 
hundredfold in all the colder latitudes and in all the higher 
mountains, whether within tropical, temperate, or arctic 
regions. The destructive power of frost is stupendous, 
whether silently crumbling away the cHffs and precipices ; 
diachar^g the avalanche and landslip down the mountain- 
slope ; slowly grinding its way as the glacier through the 
Alpine glen ; or transporting and dropping, as the iceberg 
does, its burden of rock-debris over the floor of the ocean. 
As with the rains and frosts, so to a certain extent with 
the winds or aerial currents of the atmosphere. Wherever 
there is rock-matter sufficiently light and loose, thence the . 
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winds will remove it and carry it away to some more shel- 
tered locality. And if the set of the wind be constant, or 
chiefly fix)m one direction, like the trades and sea-breezes, 
the result in the long-run will be very marked and per- 
ceptible. By this means the dry sand of the sea-shore is 
blown inland and beyond the reach of the tide into mounds 
and hillocks (sand-dunes, as they are termed), and along 
every shore in the world there are recently-formed expanses 
of this nature, often — ^like the " Landes" of France — of vast 
extent, and still in the process of augmentation. As with 
the sands of the sea-shore, so with the sands of the arid 
deserts; they are driven hither and thither into dunes and 
ridges, but chiefly forward in one main direction according 
to the prevailing winds, and this to the obliteration of 
streams and oases, and to the destruction of fertile valleys 
that lie in their way. Gentle as it may seem, the drifting 
of sand over the surface of granite and basalt has been 
known to wear and polish down their asperities, and even 
to grind out grooves and farrows like those produced by 
the long-continued motion of glacier-ice or the flow of run- 
ning water.* 

But perceptible as may be the effects of the meteoric 
forces, they are fer less obvious than those produced through 
and by the agency of water. The Aqueous are generally on 
a larger scale ; and wherever streams and rivers run, waves 
break and tides ebb and flow, there they are to be witnessed, 
partly as degrading, but partly also as accumulating and re- 
constructing forces. The mere passage of water over rock- 
surfaces would of itself have little effect ; but as it bears 

* At the Pass of San Bernardino in California, Mr "W. P. Blake (as 
quoted by Professor Dana) observed the granite rocks not only worn 
smooth, but covered with scratches and furrows by the sands that were 
drifted over them. Even quartz was polished, and garnets were left 
projecting from pedicles of felspar. Limestone was so much worn as to 
look as if the sar£Eu:e had been removed by solution. 
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3 Imrden. of aand and gravul and shingle, every 
tide becomes a tool which grinds, and is in turn ground 
down in the double proceaa of attrition and erosion. Every 
nmnel and rivuiet wears for itself a ehannol, and bears the 
eroded material down to the riycr ; the river performa the ' 
same operation, but on a larger scale, and with marked in- 
tensity during floods and fi'esheta, cutting out ravines and I 
gorges, or scooping out broader valleys, and transporting tha I 
debris to the lower levels of lakes, estuaries, and the ocean. I 
There the mud and sand and gravel borne from the higher . 
grounds come at last to rest, subside as sediments, and are 
thus spread out as alternating strata, to he consolidated by 
pressure, chemical agency, and other means, and ready, when 
the event happens, to be upraised as the roek-formations o 
newer lands. In like manner, also, with the waves and ) 
tides and emrenta of the ocean. Eestlessly and for e- 
eating into and undennining the sea-chif, the waves encroach 
upon the land, pound down the hardest material to shingle 
and grave! and sand, and this with rapidity according to . 
the nature of the opposing cliff, and the manner it is dis- 
posed to the impact of the breakers. The effects of wave- 
action are perceptible along every exposed shore ; here in 
the undermined and faUing cliffs, there in caverns and 
goiges, and in anotlier part in the " needles" and outstand- 
ing rock-masses that have been severed from the land. 
What the waves have worn down the tidal ebb and flow . 
disintegrate still more, and sconr and cany away to the 
stiller depths and more sheltered recesses. And the great ' 
ocean-currents, too — like the Arctic with its burden of 
bergs and rock-debris, or the Gulf Stream with its drifted 
sea-weeds and animal exuviffi— are also incessantly trans- 
porting and reasserting. Everytlung, however, comes t 
last to rest in the waters, being either piled on shore e 
sand, gravel, and shingle, deposited as silt in tha deeper and , 
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stiller waters, or strewn along the courses of the ocean-cur- 
rents in long reaches of miscellaneous dehris, partly of ani- 
mal, partly of vegetable, and partly of mineral origin. The 
effect of aqueous agency is thus partly to wear and waste, 
and partly to 6U5cumulate and reconstruct — to wear down 
the old continents and to accumulate the abraded materials 
in the waters for the formation of newer lands. 

The Chemical agencies, though less perceptible, are not 
less general or less incessant in their action than the mete- 
oric or aqueous. Indeed, in a certain sense the meteoric 
and aqueous act chemically ; but we have hitherto alluded 
chiefly to their mechanical effects, and now direct attention 
more especially to their chemical The carbonic jujid of 
the atmosphere eats into the most crystalline marble ; its 
oxygen converts the hardest ironstone into a soft earthy 
peroxide, ready to be washed away by the first shower that 
falls. Every spring that issues from the interior of the 
earth holds in solution, less or more, some mineral or 
metallic matter, which it either deposits along its course or 
carries forward through stream and river to the ocean. Be 
it lime, or iron, or flint, or salt — ^and such matters constitute 
our petrifying, chalybeate, siliceous, and saline springs — 
these matters must have been dissolved or wasted from the 
interior, as they are now brought to its surface to form new 
rock-masses or to enter into newer combinations in the 
waters of the ocean. And this chemical effect of springs is 
vastly increased when the waters are hot, whether bursting 
forth like the Gleysers of Iceland, or simmering like the mud 
and sulphur vents that appear in the neighbourhood* of 
almost every active volcano. Heat, indeed, is the great 
promoter of chemical change within the earth's crust ; and 
from this cause arise, no doubt, those discharges of naphtha, 
petroleum, and the like, that result from the slow decom- 
position of lignites, coals, and other organic masses. It is 
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not to pressure alone, nor to Yoloanic beat alone, that the | 
solid atrata, originally of sand, gravel, mud, and oi^nio [ 
dehria, owe their hardness and crystalline texture. Chemi- 
cal infiltrations and combinations are everywhere as ojiera- ] 
tivB as these are, and, indeed, in most instances are tlie i 
modifiers of mineral texture, colour, and consistency. And | 
the Teins and veinstones — the great repositories of the I 
metallic ores — that traverse the older i'otmations, they, too, 
are the immediate products of chemical segregation, slowly ] 
and silently, but ever at wort iu those secret recesses. On I 
the whole, chemical actions and reactions within the rocky I 
crust of the earth are incessant, either dissolving and difH I 
placing, reconstructing into other forms, or aggregating i 
other and newer componnds. 

The OrjHBj'fl agents fall next to he considered, and of these, | 
as of many other departments of nature, it may be remarked 
that the minute and unobserved are the most active and 
effective, It is true that the trees of the foiiist may be im- 
bedded in peatbogs or drifted into the mud of estuaries, 
and that the bones of fishes, reptiles, birds, and mammals 
may be entombed in the sediments of lakes and seas ; hut, 
on the whole, these constitute a small proportion of the con- 
taining strata, and even where swept by currents into special 
shoals aod bone-beds, as we know they are in certain parts 
irf the ocean, they form but insignificant accumulatioaa 
compared with those resulting from the myriad-growths of 
microscopic organisms, la the vegetable world the plants 
of the peatmoss and swamp-growth claim ourlirst attention, 
as out of the constituents of the air and water they elaborate 
their own substance, and year after year bequeath it to the 
acoumnlatiag mass. How thin soever may be the film that 
the growth and decay of a single year may add to the ac- 
cumulation, yet in the course of centuries the peat-growth 
Uid swamp-growth thicken, till now within all the colder 
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latitudes thei'e are expanses of vast area and many feet in 
depth entirely composed of decayed vegetation, and ready 
to be converted into coal, like the analogous accumulations 
of former epochs. In the animal world, on the other hand, 
the coral-reef is perhaps the most striking instance of aggre- 
gation by the minutest of means. Barely perceptible to 
the naked eye, the tiny zoophyte, in countless myriads, 
secretes the lime held in solution by the waters of the ocean, 
till year after year and century after centuiy the conjoint 
structure so increases that at last the " reef" stretches away 
many leagues in length and many fathoms in thickness. 
As with coral-reefe so with beds of gregarious and drifted 
shells, and so also with the enveloping limy and flinty 
shields of microscopic organisms like the foraminifera and 
diatoms ; the former mere specks of animal jelly, the latter 
mere points of plant-life, yet so increased by the immensity 
of their nimibers and the rapidity of their growth, that large 
areas of the sea-bed as well as lakes and estuaries are thickly 
strewn with their calcareous and siliceous envelopes. These 
envelopes, though mere microscopic specks, are yet aggregated 
in such myriads that they are capable of forming extensive 
beds of limestone on the one hand, and of flinty rock on 
the other. And such limestones and flint-rocks we find in 
the solid crust, exhibiting to the eye of the microscopist 
the beautiful organisms of which they are composed, and 
proving that in former ages the earth's crust was built up 
by the same agencies that still continue to remodel and up- 
hold it. A great proportion of the chalk-rocks of England, 
the nummulitic limestone that stretches from the Alps east- 
ward through Europe and Asia on to the Philippine Islands, 
and the mineral known as tripoli or polishing-slate, are 
ancient strata formed by analogous microscopic organisms ; 
and the same work still goes forward in the calcareous ooze 
that covers so large an area of the Atlantic sea-bed, and in 
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silicMUB mud of most of our existing estuaries* Ths 
lime and the flint diasolved t>y springs from tho crust of the 
eariih, and home down by streams and rivers to the ocean, ia 
thus secreted by vital agency and once more converted into 
solid rock-matter. Nothing is lost ; it may change its 
shape and pass out of sight for a while, but in the long-run 
it will reappear, altered it may he in form, but essentially 
the same in suhatanco. Every particle of matter obe}^ a 
ceaseless round of change. Now in the crystalline and 
independent gem, at another time as a constituent of tha 
solid rock ; now dissolved in the limpid watere, at another 
time built up in the structures of plants and animals ; now 
scattered abroad as the decaying exuvias of bfe, and once 
collected into compact and rocky strata. 
The Igneous agents generally exert themselves with signal 
and marked effects, and yet in some instances their most 
gigantic results are brought abotit by stages that are almost 
imperceptible. The most notable instance of their opera- 
tion is perhaps in the volcano, which in course of ages piles 
ap its alternate discharges of dust and ashes and lava till it 
assumes the lofty proportions of an isolated mountain like 
Etna, or stretches away in long ranges like the fiery cones 
of the Andes. Whether exerting itself on land or rising 
up &om the depths of the ocean, the volcano is one of the 
moat important modifiers of the earth's crust ; and it acts 
partly by upheaval, partly by accumulation, and partly by 
fusing and reconstructing rock-matter in the interior, and 
by bringing it once more to the surface. In this function it 

" Of the nioroBcopic organisniB— the foraminifere, polyoyatinea, dia- 
toms, and deamida— that stand, as it were, on the contiiKia of Life, tiie 
two former belong to the Knimal kingdom and the two latter to tho vege- 
table. The foraminifera Becnte L'alcareous matter, llie polyuyetiacs and. 
diatoms eiliceoua, aud the desmide no appreciable quantity of either. 
The foraminifera and diatoms, along with the coral-polypes, may there- 
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is usually accompanied by the earthquake, which fractures 
and dislocates the solid crust, uplifting one portion and 
depressing another, submerging one area beneath the waters 
and elevating another into dry land. Unlike the volcano, 
the earthquake produces no direct change on the character 
of the rocks ; but it is the great diversifier of the earth's 
surface, creating new irregularities, and as a consequence 
interfering with the action of the atmospheric and aqueous 
forces that operate on that surface, as well as with the dis- 
tribution of the life by which it is peopled. But beyond 
the earthquake and volcano, with all then* minor accompani- 
ments of hot-springs, mud-springs, and the like, there seems 
to be another and still more gigantic, though silent, mani- 
festation of vulcanic power. We allude to those gradual 
uprises and depressions of portions of the earth's surface — 
those crust-motions, if we may so speak — ^by which certain 
regions, like the shores of Scandinavia, Spitzbergen, and 
Siberia, are being slowly raised above the sea-level, and other 
regions, like the western coast of Greenland and that of the 
Southern States of America, as slowly depressed beneath it. 
Many countries, and our own islands among the rest, are 
marked by lines of ancient sea-beach, denoting uprise above 
the waters ; and could we only see beneath the ocean, we 
believe there are other regions equally marked by terraces 
of depression. There is no other power save Vulcanism, or 
internal heat-force, to which we can ascribe these upheavals 
and depressions of the crust ; but be this as it may, there 
can be no doubt of such oscillations, and that they form 
one of the appointed means by which the waste and recon- 
struction of our continents are held in equilibrium, and new 
distributions of sea and land accomplished. 

The effect of these various agencies — the atmospheric, 
aqueous, organic, chemical, and igneous — is thus not only to 
mould and modify the exterior, but at the same time to build 
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the interior structure of our planet. Their function is i 
once to wear down the old and to reconatruct the new; to 
scatter abroad in one region and to accumulate in another. 
And the new rocks reoonstrucled must necesaarily bear the 
closeat relationship to the old from which they wore derived. 
Their harJnesa and compactnesa and crystalline texture ia 
merely a matter of time. GiYen time and the fitting con- 
ditions, and the loosest sand will be converted into the moat 
compact sandstone, the softest mud into Uie hardest slate, 
and the earthiest chalk into the most ciystalhne marble. 
'Xhongh here separated for the purposes of elucidation, these 
ite are ever working hand in hand — the atmospherio 

the aqneous, the aqueous with the chemical, and the 
chemical with the organic and igneous. And it is this com- 
plicated working that renders tlie composition of the solid 
crust 80 varied, the aspect of its rocks bo different, and the 
tmak of unravelling their history at once the trial and the 
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Such is a brief sketch — a mere indication as it were — of 
great forces by which the earth's crust is incessantly 
led, its rock-matter wasted and reconstructed, and 
'the equilibrium of its terraqueous distribution sustained. 
Sketchy as the outline has been, the carefiil reader will have 
perceived not only the nature of the modiiying agents, but 
the manner in which they operate ; and nraat feel convinced 
that, small as may be their results over a given area or 
during a given time, yet comprising the whole globe and 
lowing for ages, they are sufBcient to accomplish any 
mt of change^to destroy, in fact, the whole of the 
ing continents and to reconstruct new ones fi'om the 
of the ocean, and this by degrees, and over and over 
again, according to the course of Time, which ia illimitable i 
and beyond all computation. He will also have perceived J 
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that, many as are the agents at work and complicated as are 
their modes of action, yet, on the whole, they may be con- 
veniently arranged into two grand categories — ^namely, the 
powers of waste and degradation from without, and the 
powers of reconstruction and upheaval fix)m within. As 
surely as the meteoric and aqueous disintegrate and level, 
so surely does the igneous reconstruct and upheave; as 
the chemical and vital dissolve and destroy in one area, so 
they recombine and build up in another. There is nothing 
so harmonious as this incessant round of mutation, nothing 
so marvellous as the variety it produces, and yet nothing 
so certain as the unity of design by which the whole is 
combined into one intelligible system. Strange as it may 
seem, even the comfort and development of man is indis- 
solubly bound up with this system of vicissitude. It is 
not the rugged and flinty hill-side that yields him his sus- 
tenance. He cannot build his cities on its peaks or plough 
its precipices. And yet these hills are the great store- 
houses of future fertility. The rains, the frosts, the streams, 
and the rivers are perpetually carrying down from their 
heights the materials to form the fertile valleys — ^washing 
out from the old crystalline rocks the inorganic elements 
indispensable to vegetable luxuriance. And on these moun- 
tain-derived plains man has hitherto settled in communi- 
ties and bmlt his cities. The plains of the Old World, 
the historic fulfilments of the past — China, Hindoostan, 
Mesopotamia and Egypt — were borne down from the 
mountains of Asia and Africa; just as the prairies, the 
llanos, and pampas of the New World, the hopes of the 
advancing future, are the gifts of the Andes and the Eocky 
Cordilleras. How marvellous this system of interdepend- 
ence between the organic and inorganic — between the 
mechanical processes of nature and the social development 
of man I How admirable this system of unceasing rejuven- 
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"Swence ! the old hi lb woro and wrinkled and furrowed 
by decay, and the younger valleys epreading out in tiieir 
beauty and freshneBS and fertility ! 

'■ Thifl earth, like the body of an animal," said Hutton, 
" 13 wasted at the same time that it ie repaired. It has a 
state of growth and augmentation ; it has another state, > 
which ia that of diminution and decay. This world ia thus 
destroyed in one part, but it ia renewed in another ; and 
the operations hy which this world ii thus constantly re- 
newed are as evident to the aeieatific eye as are those in 
which il 13 necessarily destroyed" And yet how few will 
lake' the trouble to comprehend this system of incessant 
change, contented to live in the belief that this earth haa 
always been as it is, has been so from the begLnning, and 
will continue to be so to the end I Verily they deprive 
themselves of much rational enjoyment, pay little regard 
to the system of nature of which they form so prominent 
a part, and show little reverence for Him who has given 
them eyes to see, and understanding to understand, so be 
it they will only learn to exert them. How admirable the 
system of compensation by which decay in one part is bal- 
anced by renovation in another ! The substances disinte- 
grated by %vater are again reconstructed by fire ; the matter 
dissolved by chemical action is collected anew by vital; 
and what was appropriated for a while by the living organ- 
isms ia restored again to the mineral world when vitality 
Las ceased its requirements. Everything in this universe 
ia indiasolubly woven into a network of interdependence, 
and not a meat could be taken away without destroying 
the beauty. and consistency bf the whole. 

" From nature's chain wtatevar link yon Btrika, 
Tenth, oi ten-thousaadth, hreaka the chain alike I " 

And the reason is obvious ; for most of the operating forces 
we have described arise directly from the earth's primal 
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connections as a member of the solar system. Annual 
revolution and daily rotation, daily and seasonal alternations 
of heat and cold, currents and counter-currents of wind, 
evaporation and rainfall, waves and tides, currents and 
counter-currents of water, are all results of the earth's rela- 
tion to the sun and her sister-planets. So in like manner 
are the phenomena of vegetable and animal growth; so, 
too, are many of those chemical and electro-magnetic activi- 
ties with which science is but slenderly acquainted ; and so 
also, perhaps, though in a remoter degree, that manifesta- 
tion of internal vulcanism concerning which philosophy 
can do little more than merely hazard conjectures. So 
long, therefore, as the earth's primal relations endure, these 
secondary forces must operate as a necessary consequence, 
and thus the rocky crust must continue to undergo a round 
of waste and reconstruction as ceaseless as the revolutions 
of the planetary system, and as permanent in its power. 
How harmonious the system by which this earth, in the 
midst of all its mutations, is kept ever fresh and young ! 
Day after day, and year after year, the aspects are cease- 
lessly changing, but the vitality remains the same ; cycle 
after cycle the forces may shift their direction, but their 
power remains unimpaired. Everything around us being 
seemingly stable, it may be difficult to realise this concep- 
tion of incessant change, just as it is impossible to estimate 
the lapse of time required for its fulfilment ; but an effort 
must be made, and not till the mind has learned to form 
some idea of the ceaseless mutations to which the earth's 
crust is subjected, the causes by which these mutations are 
effected, and the amount of time required for their produc- 
tion, can it be said to comprehend the fundamental truths 
upon which the science of geology is erected. 
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Whatever be the nature and origin of the thermal forces 
that operate within the craat of our earth — whether deep- 
seated or near the surface — -whether arising from chemical 
actions or dependent on some primordial condition — it la 
convenient to arrange them under one general term, and 
that of Vulcanism or VuleanicMy, suggested by Humboldt 
in his ' Cosmos,' seems by far the most comprehensive 
and appropriate. In this way, not only the volcano pro- 
per, but tiie earthquake, hot-springs, gas-springs, mud- 
springs, and all kindred phenomena, are brought under one 
category; and " it is really advantageous," as remarked by 
the great German philosopher, " to avoid the separation of 
that which is causally connected, and differs only in the 
strength of the manifestation of force, and the complication. 
of physical processes." Here, then, we give to the con- 
stantly active reaction of the interior of the earth npon its 
external crust or surface the name of Vulcanism; and the 
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object of the present Sketch is to describe the operations of 
this internal heat, to explain what is known of its origin, 
and to define its apparent function in the economy of na- 
ture. To render a subject intelligible it is necessary to be 
methodical; and we shall therefore, without any assumption 
of technical exactitude, arrange all the thermal phenomena 
of our globe under the three great heads of Volcanoes, 
EaHhquakea, and Crust-Motions, 

Every one is less or more acquainted with the aspect and 
nature of a Volcano or buming-mountain. Whether he has 
seen one or not, his readings and hearings lead him to asso- 
ciate with his idea a mountain of a conical form, having a 
crater or orifice of eruption at top, and from which at intei^ 
vals are emitted clouds of vapour and flame, showers of 
dust and ashes, and streams of lava or molten rock-matter. 
The outline may not be strictly conical, yet such is the 
form which it usually assumes ; there may be more craters 
or orifices than one, some being central or near the top, and 
others lateral or placed along the sides; and the sub- 
stances discharged may be very heterogeneous — ^now highly 
heated steam and sulphurous vapours, now dust and cindery 
matters called scorice, now fragments of rock (lapiUi and 
volcanic bombs), and anon wellings-out of lava, sometimes 
extremely fluid and at others slaggy and cindery. N^otwith- 
standing such local and periodic differences, there is, on the 
whole, a great similarity in aspect and operation between 
all volcanoes, which leads to the belief that they belong to 
one brotherhood, and to the same system of causation. It 
is usual to speak of lava-cones, tufa-cones, cinder-cones, and 
mixed cones, according as a mountain is chiefly composed of 
one or other of these substances, or of a mixture of all of 
them; but, as might be anticipated, the mixed cones are by 
far the most prevalent, and the distinction is mainly valu- 
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able in asaiating the observer to determine tlie compoBition 
of distant ot ineiccesaible Tolctmoes. Thiia the elope of a 
lava-cone is very gentle — from 3 to 10 degrees; that of a 
tnfa-cone from 15 to 30 degrees ; of a cinder-cone from 36 
to 45 degrees ; and that of a mixed cone usually gentle 
beneath, but topped with a ateep peak of loose and scoriace- 
oua materials. Again, some are strictly mih-aerial — that is, 
take place on the dryland — and others ^wft-aja-ffiwi* — thatia, 
operate under the watera, or but rarely manifest themselveB 
at the surface ; yet both, seem to act in a Birailar way, and 
to disohai^e similar products. Further, some are cease- i 
leasly actiae; others become active only at long intervals, 
and are said to be dormant ; ■while others have been so 
long dormant and shown no symptoms of activity that they 
are regarded as extinct. Between the existing and the ex- 
tinct there is every grade of activity, just as among the i 
extinct there is every degree of antiquity, "We are thua I 
led from the active craters of Etna and "Vesuvius back to 
the extinct cones of Central France and the Rhine, which, 
in their crateriform domes and rugged lava-streams, stUl 
retain the aspect of volcanoes ; from these back tlirough the 
Apennines and Alps ; from the Alps to the Pyrenees ; and 
from the Pyrenees to the Scandinavian and older mountain- 
ranges, which have all had the same origin, though now 
their craters and domes are obliterated, and their outlines 
have undergone a thousand modifications from those denud- 
ing agencies of air and water which have operated upon 
them during untold ages. And here the reader cannot be 
too strongly impressed with the fact that the profiles of all 
our exUting hiU-rangeg are more the results of loaste and 
demidaiwn from without, than of upheaval and accumula- 
tion from irnlkin. When a mountain is first presented to 
ua, the natural idea is, no doubt, that of upheaval and 
gccumulotion, but a littlo reSection will soon correct the 
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misconception. All the older lands haye been repeatedly 
under the sea, and have suffered at each depression and re- 
elevation the denuding effects of wave and tidal action. 
Even since their latest re-elevation, the rains, frosts, and 
rivers haye been incessantly wearing, wasting, and eroding 
— so much so, that the older mountain-ranges are but the 
merest skeletons of what they once were. Vulcanic agency 
may block out, as it were, the contours and profiles of the 
land; but the meteoric and aqueous agents — the firosts, 
rains, rivers, and waves — are the busy clusellers that are 
for ever conferring upon it its latest features — ^the IcUestj 
but never the last. 

In looking upon the more ancient hills, as well as upon 
existing volcanoes, a question naturally anses — ^Are these 
elevations chiefly uplif tings of the earth's solid crust, or axe 
they accumulations of igneous matter that have been dis- 
charged from its interior 1 In other words, are mountains 
and mountain-ranges mainly produced by upheavals or 
swellings-up of the earth's rocky crust, or have they been 
accumulated on the surface by repeated discharges of vol- 
canic matter 1 Much controversy has existed on this point, 
•and many arguments adduced on both sides ; but the truth 
seems to be, that the forces from within have acted in both 
ways — partly by elevation of the stratified crust, but chiefly 
by the accumulation of erupted materials. In this view 
every mountain and mountain-range becomes a matter of 
slow and gradual growth, every shower of ashes and stream 
of lava adding to the bulk of the isolated cone, and every 
new cone adding another link to the mountain-chain. We 
have no exact measure of this slow and gradual accumula- 
tion, but judging from the small amount that has been 
added to Etna and Vesuvius during the historical period, 
many of the existing volcanoes must be of vast antiquity ; 
and when we carry our retrospect back through the extinct 
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i hills to the ancient iuoiintain>ranges, the mind U 
ir unable to grasp the cycles that nmet have olapaed 
since tlieir formation. 

Preaiuning, then, that volcanic hills are chiefly masaea of 
accumulation and not of upheaval, the repeated eruptions 
that take place must necessarily fracture and derange the 
continuity of the surrounding district, and thus every 
igneous centre is marked hy such accompaniments as hot- 
apringa, boiling mud - springs, discharges of Bulphuroiia 
gaees, and the like, better known perhaps aa the suffi,- 
oni and solfaiaras of Italy, and the salses, komitog, and 
Iiermderoe of Mexico and South America. Such minor 
diachai^QS are the normal acconipaniments of all active 
volcanoes, and long after activity has ceased they form the 
residual phenomena, and indicate by their declining force 
and numbers the distance both in time and place of the 
fiery forces that once operated below. "No doubt springs of 
consiiierable temperature may exist in districts long since 
quiescent, and now far removed from volcanic activity 
(th<»e of Bath and the Pyrenees, for example); but the 
monticules thrown up by mud-volcanoea and escapes of 
heated and sulphurous vapours generally mark either the 
proximity of igneous activity or the comparative recentness 
uf its manifestations in the area. The whole are merely 
indications of the same thermal agency — that internal fire- 
force which Humboldt has so appropriately included under 
tte nune of Vulcaniam or Vnlcauicity. 



The next great manifestation of vulcanism is the Eartli- 
quake, a distinction made in scientific as well as in every- 
day language ; for though the earthquake is generally the 
dose concomitant of the volcano, yet its throes may be felt 
i& districts where no volcano has existed for ages. This 
motion, as the name impHes, is a quaking or trembling of 
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the earth — varying from the gentlest tremor to agitations 
so violent that the solid crust is fractured, one portion 
thrown up and another thrown down, the sea-hed uplifted 
into dry land, and the dry land submerged beneath the 
waters. The phenomena that accompany earthquake con- 
vulsions are extremely varied. Occasionally they are preced- 
ed by an unusual stillness and sultriness of the atmosphere; 
low hollow rumblings, more audible than felt ; and great 
restlessness and terror among birds and mammals, as if the 
instincts of these were keener than human perception. At 
other times there is no premonition, but all at once a few 
smart concussions, passing away in a certain direction, or 
not unfrequently spreading from a central point in dimin- 
ishing intensity. On other occasions, however, the mo- 
mentary concussions return after a short pause with increased 
vehemence, and then there is a perceptible undulation of 
the earth's crust, as if it were passing away from beneath 
the feet of the spectator — an uplift, a shock, a series of 
giddy shocks, and the work of destruction. Though con- 
tinuing at most for a few seconds, these violent shocks 
generally result in extensive fracturing of the rocky crust. 
Yawning rents and fissures, gaseous discharges, bursting 
forth of new springs, absorption of streams, changing the 
course of rivers, elevation of the sea-bed, submerging of 
the dry land, and the conversion of populous cities into 
masses of ruin and rubbish, are the not unfrequent but 
destructive effects of the earthquake. At times too, as the 
water in a vessel that has been agitated and then brought 
suddenly to rest strikes forcibly over its margin, so the sea, 
its floor having been shaken, is frequently thrown into 
violent waves (earthquake-waves), which rush forward 
against the land to the height of 40, 50, or 60 feet, and 
sweep everything into destruction before them. The wave 
that rolled in upon the coasts of Portugal after the great 
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SiboTi earthquake in 1T55 was estimated at GO foet high, 
and the succession of such waves (three in number) that i 
desolated the town of Simoda (Japan) in 1864 were little ] 
inferior in violence and dimensiona. 

On the whole the effects of the earthquake are muuh n 
disastrous than those of the volcano. The discharges 
the one, being at considerable altitudo, are chiefly felt for a 
few miles round its crater or in long narrow streams down 
its sides ; hut the other convulses for le^ues, and this at | 
all levels and alike over land and over sea. The two, how- 
ever, are usually in close connection ; and in centres of | 
igneooa activity, when the volcano begins to discharge, the 
convulsions of the earthquake cease, or at all events lose 
much of their intensity. The one acte as a sort of safety- 
valve to the other, and this necessarily so if we regard them 
as both arising from the same deep-seated source of igneous 
intensity. This connection was long ago noticed by Dr ^ 
Hutton, who quaintly but somewhat bitterly remarks — " A , 
volcano is not made on purpose to frighten superstitious 
people into fits of piety and devotion, nor to overwhelm 
devoted cities with destruction. A volcano should be con- 
sidered as a spiracle to the subterranean furnace, in order to 
prevent the unnecessary elevation of laud and fatal effects 
of earthquakes. And we may rest assured that they, in 
general, wisely answer the end of their intention, without 
being in themselves an end, for which nature had exerted 
nich amazing power and excellent contrivancB." 

The third great manifestation of the reaction of tha 
earth's interior upon its external crust consists in those 
slow movements by which certain portions of the land are 
stage by stage elevated above the waters, and other por- 
tions as gradually depressed beneath them. To this 
jnanifestation we may apply the name of Crvsi-Mutum, as 



58 VULCANISM — ITS NATURE AND FUNCTION. 

indicating a slow and long -continued movement of the 
solid crust in the region where it occurs, in contradis- 
tinction to the volcano and earthquake, whose operations 
are sudden and convulsive. Whether these gradual crust- 
movements result from the same igneous forces that give 
rise to the earthquake and volcano is a matter open to 
question, but in the present state of our knowledge we can 
perceive no other adequate cause, and are therefore com- 
pelled to associate them with the same pervading vulcan- 
icity. Along the coasts of our own islands, and indeed 
along the coasts of every other country, the attentive ob- 
server will perceive at various levels above the present 
sea-beach several shelves or terraces, which meet the eye 
like reaches of former shore-line. On closer inspection, 
their parallelism, the sand and gravel of which they are 
composed, the shells, bones, and other marine exuviae which 
they contain, prove incontestably that the sea formerly 
stood at these levels, and that the land to this extent has 
been successively elevated above the waters. Whether 
such elevations took place suddenly or by slow degrees it 
is often impossible to tell, but it is readily seen from the 
old beaches and the cliffs that guard them that the sea 
must have long stood at their successive levels. If the 
movement takes place suddenly — like that which during 
the present century elevated the coast of Chile to the 
height of eight or ten feet, or that which depressed the 
Kun of Cutch, or that which more recently uplifted part of 
the north island of New Zealand to the height of six feet or 
thereby — it is generally ascribed to earthquake convulsion ; 
but if it occurs by slow stages it is regarded as crust-motion, 
the proximate cause of which is at present unknown. 

As notable instances of this crust-motion we may point 
to the shores of Scandinavia, which have been long known 
to be rising at a slow and equable rate ; to the raised beaches 
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"^ Spitzbei^en, oB dcacribed by Mr Lamont and other recent 
visitors; to the ancient Bhore-hnes of SibBria, as amply illus- 
trated by Von Wraugell; the numerous terraces of uprise 
noticed by Dr Kane and other Arctic voyagers on the coosta 
of Greenland and the Arctic islands ; the terraced shores of 
Patagonia, long since observed by Mr Darwin ; as well as 
to the leas distinct, because more ancient, shore-llneB that 
encircle our own islands and the opposite coasts of France ■ 
and the Spanish Peninsula. As with these uprises, so also I 
with several depressions that have been noticed, though | 
these trom their nature are generally leas perceptible. Such 
ttaets of subsidence have been obserred along the west 
coast of Greenland, the southern coasts of the United States, 
and generally in the hasin of the South PaciBc. Whatever 
the nature of these uprises or depressions — whether at the 
rate of four or five feet a century, as in the case of Scandi- 
navia, or ivith greater or less rapidity ; whether recent, like 
those of Spitzbergen and Greenland, or ancient, like those 
of our own country — ^they all belong to the same class of 
phenomena, and are evidently the result of some great but 
unknown law, Phyaiciste have attempted an explanation, 
aome attributing the phenomena to oscillations of the hypo- 
thetical molten interior, and others to secular expansions 
and contractiona of portions of the crust, as arising from 
changes in the axis of rotation and centre of gravity. In 
either case the oscillation of a few thousand feet is iaaigni- 
ticaut aa compared with the diameter of the globe ; and as 
elevation in one region seems to be counterbalanced by aub- 
eidencB in another, the general relations of our planet may 
be regarded aa standing for ages unaffected by the amount 
of its superficial changes. 

Insignificant, however, as ' may be the effect of such 
oscillations upon the general relations of the earth, they are 
all-important to the climate, and consequently to the tlora 
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and fauna of the region in which they occur. A few hun- 
dred feet of elevation or depression in the higher latitudes 
of the north is tantamount to a loss of several degrees of 
annual temperature ; and we can readily conceive what 
would be the effect of another thousand feet of uprise on 
the existing flora and fauna of Siberia, Greenland, or the 
Arctic islands of America. In fine, it requires no great 
stretch of the imagination to conceive to what extent the 
climatology of the globe may be influenced by a system of 
extensive elevations and depressions of its surface ; how 
the cold and warm currents of the ocean might be diverted; 
how one region might be elevated so as 'to be permanently 
enveloped in snow and ice, while another in the same lati- 
tude might lie at so low a level as to enjoy the amenities 
of a temperate climate. On the whole, whatever may be 
the origin of these slow and gradual crust-motions, we be- 
hold in them a system by which the distribution of sea and 
land is changed, by which climate is modified, and conse- 
quently by which the plant -life and animal -life of our 
planet is materially affected. 

Such are the three great manifestations of vulcanism — 
the volcano, the earthquake, and the gradual crust-motion; 
and though their origin be obscure, the human mind sel- 
dom rests satisfied with mere description, but must attempt 
a solution of cause and origin. There are two principal 
hypotheses that have been advanced to account for vulcanic 
phenomena, and which may be respectively termed the 
mechanical and the chemieaL By the former, the whole 
is resolved into an aboriginal igneous condition of the 
earth's mass, on which, after the lapse of ages, a cooled and 
rocky crust has been formed over a molten interior. To 
oscillations in this molten interior, to its reactions upon 
the crust, to the cavernous structure of the crust, and to 
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1 fissures that admit the percolation of wb 
down to the incandescent jaaaa, are ascribod the tremoia 
and convulsions of the earthquake and the audden explo- 
sions of tlie volcano. By the latter hypothesis it is pre- 
sumed that the solid crust contains abtmdance of metallic 
elements, such as potassium, sodium, calcium, magnesium, 
and the Hke, and that the percolating waters coming in 
contact with these produce inatantanooua combinations, 
whieh result in uucontrollahle manifestations of heat, and 
the conversion of these metals into their oxides — potash, 
Boda, lime, magnesia, &c. — whiclj enter largely into the 
composition of the rock-matter ejected at the surface. Such 
is a brief and general view of the two leading hypotheses 
that have been advanced to account for vulcanic pheno- 
mena. The adherents oC the former question the presence 
of these metoUie elements in such abundance as to produce 
such gigantic results, and point to the universality of vol- 
cooic action and the uniformity of its products as evidences 
of its arising from the same great interior source. The 
adherents of the latter contend for a system of action and 
reaction, without which the globe would graduidly lose its 
supposed interior heat, and become so cool that in process 
of time volcanic action wouli! cease — a result incompatible 
with the maintenance of a diversified and habitahle surface. 
According to the mechanical theory, say they, the interior 
heat muat be gradually dcchning, and must finally come to 
an end ; but according to the chemical, there is a round of 
incessant action and reaction, a system of compensatibn 
and endorancB which accords with the other ordainings of 
the miiverse. This is not the place to do more than merely 
allude to these contending views, oui object in these sketches 
; rather to explain what is known than to discuss 

tatt is questionable. 

^ut whatever be the origin of Tuloamc force, we see it 
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abundantly manifested in various regions of the glolie — 
here in isolated centres like those of the Meditetranean 
and Iceland, there in linear directions like the Andes, and 
occasionally over wide areas like the Indian and Chinese 
Archipelagoes. At the present moment there are between 
three and four hundred active volcanoes (with as many 
more in a dormant or semi-extinct state), chiefly fiinging, 
as it were, the Pacific or scattered over its sur£Eice. In the 
latter instance they appear in insular centres, as in the 
Sandwich and other groups ; in the former they occur in 
great lines, as in the Andean, Mexican, and Columbian 
Mountains, the Aleutian Islands, Kamtschatka, Japan, the 
Philippine Islands, and the Indian Archipelago. Com- 
pared with these the display of volcanic energy in other 
regions is insignificant; while over immense tracts like 
the north of Asia and Europe, and the Atlantic slopes of 
both Americas, the internal forces have been still and sta- 
tionary for ages. We know from the mountain-ranges of 
these regions that the forces once were there ; we see their 
effects in the primary granitic mountains, in the secondary 
hills of basalt and greenstone, and in the tertiary domes of 
trachytic lava;* but of the law that has regulated this shift- 
ing from area to area, and now restricted it to its present 

* It may be of use to the general reader to mention that the principal 
rocks in recent volcanic hills are — lavas of various aspect and compact- 
ness ; tufas, or consolidated cindery matters ; pumice, or light vesicular 
lava; obsidians, of glassy texture; and trachytes, or granular-crystalline 
masses : and that their differences depend partly on chemical composi- 
tion, but chiefly on the rapidity with which they have been cooled — 
rapid cooling producing a compact glassy texture, and slow cooling the 
reverse. The rocks of the secondary hills, on the other hand, though 
originally consisting of the same volcanic ejections, are now converted 
into crystalline greenstones, basalts, felst07ies, the softer trap-tt^s, and 
amygdaloidt, or those whose original vesicles have got filled with almond- 
shaped infiltrations of lime-spar, agate, and other minerals. In the older 
mountains the conversions are still more complete, and highly crystalline 
graniiet, syenites, and porphyries are the prevailing compounds. 
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} nothing, and are merely on 
threshold of the inquiry. 

lattle, howeTer, as we know either of the cauBe or of 
the course of Ttdeanism, we can readily perceive ite func- 
tion, and behold in it one of the great meima by which the 
crnst of the globe is held in equilibrium, and by which the 
diversity and variety of its surface ie mnintained. Were 
there no adequate force acting irom within, the powers of 
waste and degradation from without would in time reduce 
the Euriate to one dreary monotony of level, incompatible 
with that diversity of condition and of life which appears 
to be one of the great ainiq of creation. But just as the 
meteoric and aqueous forces wear and waste from without, 
BO the vulcanic renovate and upheave from within ; and 
thus the rocky crust ia held in perfect equipoise, and iba 
BUrface diversified by all that irregularity of hill and val- 
ley, of (able-land and plain, wliich is indispensable to variety 
in the plant-life aad animal-life by which it is adorned. 
Wherever large expanses of the earth's surface, like the 
piuries and pampas of America, are characterised by same- 
nesa of condition, there is a consequent want of variety in 
theb vegetable and animal existences j but aa the great de- 
sign of Creation seems to he variety in space aa well as 
variety in time, this uniformity of surface is incessantly 
broken up by the operations of the earthquake and volcano. 
Locally disastrous aa may be the tlirooa of the one or the 
discharges of the other, we thus behold in each a necessary 
part of the world's mechanism, and powerful in proportion 
to the work it has to accomplish. 

It has been frequently discussed, and with some is still 
a question, whether this power of internal vulcanism bo 
steadfast or declining, am! whether it did not manifest 
itself with greater intensity during the earlier geological 
periods 1 Locally we may perceive that it has ceased in 
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some areas, and in others seems gradually declining ; but 
at the same time we behold it breaking forth in new areas, 
and on a survey of the whole world, see no reason to con- 
clude that it is now either less extensive in its distribution 
or diminishing in its intensity. The Andes, through whose 
extreme length the earthquake and volcano are ceaselessly 
active, are as gigantic as the Himalaya, where they have 
long since ceased to exist ; the Mexican Cordilleras broader 
and loftier than the Alps ; the Alps more imposing than 
the older Pyrenees ; and* the Pyrenees as decided in their 
character as the primitive ranges of Scandinavia. The 
cincture of volcanic action that girdles the Pacific (in the 
Andes, Califomian Sierras, Aleutian Isles, Kamtschatka, 
Japan, Philippine ' Islands, the Indian Archipelago, and 
New Zealand, to say nothing of the groups that stud its 
bosom) is as gigantic as any axis or area geology has re- 
vealed,* while the individual discharges and irruptions are 
unexcelled by those of any former period: and in corrobora- 
tion of this we need only point to the lava streams of Etna, 
from twenty to forty miles in length ; to those of Iceland, full 
fifty miles in length, by twelve to fifteen in width ; or to 

♦ In absence of a map the following arrangement may convey to the 
reader a general idea of the disposition of these volcanic lines and cmtres. 
— 1. Along the borders of tliePuciJic: — Throughout the entire length of 
the Andes from Tierra del Fuego northwards; in Central America; 
Hexico ; Oregon ; the Aleutian Islands ; Kamtschatkan peninsula ; the 
Kunles ; Japan group ; Philippines ; East India Islands ; New Guinea ; 
East coast of Australia and New Zealand. 2. Over the Pacific : — In the 
Sandwich Islands; Friendly Islands; Fejees; Santa Cruz group; New 
Hebrides ; and the Ladrones. 3. Over the seas that lie between the northern 
and soiUhern continents, and adjacent regions : — West India Islands ; the 
Mediterranean and its borders ; the southern borders of the Caspian and 
eastward ; and the East Indian Archipelago as lying between Asia and 
Australia. 4. In t/ie Indian Ocean : — Bourbon and the Mauritius ; 
Comoro group ; and Madagascar. 5. In the A Uantic ;— St Helena ; the 
Cape Verdes ; Canaries ; Madeira ; Azores ; and Iceland. The interiors 
of the great continental masses both in the old and new worlds are still 
and quiescent. 
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VBmb of the Sandwich leknda, nearly seventy in length, 
and of Tarying width and thickness, aficording to the 
nature of the declivity down which they have flowed. On 
the ■whole, there seema no ground for the Buppoaition that 
vulcanism is now either less extensive or leaa energetic than 
in former ages. All that geology perceives ia that it haa 
ehifl^d from area to area ; that the old moimtaina where 
it once reigDcd are long since cold and silent ; that the 
secondary liilla bear but few traces of ita presence j and 
that now it upheaves along other linea and convulses from 
newer centres. 

That in vulcanism, as in other cosmical forces, there 
must be a law determining Ijoth ita time and mode of oper- 
ation is sufhciently obvious ; but in the mean time that law 
lies altogether beyond the indications of science, and we 
moBl content ourselves with mere descriptions of pheno- 
mena and esplanationa of function. What the caiiae of 
volcanic enei^! what the periodicity of its diacharges) 
what the times and directions of earthquake convulsions! 
and what the law which regidates the shifting of vulcan- 
ism from centres that were once disturbed to newer areas 1 
are questiona to which science can give no satisfactory 
answer, and generations may pass before even the way to a, 
solution is indicated. What we wont is, Jlrst, a more minute 
investigation of the products of volcanoes, that it may lead 
to a knowledge of the decompositions taking place within 
the earth's interior ; second, observations as to the connec- 
tion between earthquake throes and volcanic discharges ; 
third, a record of the times and directions of earthquake 
convulsions j and, fourthhj, an accurate series of tabulations 
and maps to assist us in our deductiozLB. All this is little 
more than merely beginning to bo done. Chemistry and 
physics have only recently heen directed to the subject ; 
andSeiamologyor Seismography {the science of earth-shocks) 
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is a study as it were but of yesterday.* Till substantial 
progress bas been made in tbis direction, and sufficient feu^ts 
for generalisation collected, it were idle to speculate, and 
waste of time to surmise. 

Sucb is a brief, and we trust not unintelligible sketcb of 
tbat Yulcanicity or internal beat-force wbicb is incessantly 
reacting upon tbe rocky crust we inbabit. Tban tbe eartb* 
quake, volcano, and great crust-pulsation, we bave no bigber 
manifestations of natural force ; no pbenomena before wbose 
power man's weakness becomes more apparent. Tbere are, 
no doubt, otber terrific agencies in nature — tbe ocean wben 
lasbed into fury by storms, tbe flooded and beadlong river, 
tbe burricane, and tbe tbunderstorm. Man, boweyer, learns 
to brave and battle witb tbese. Tbe bardy islander dares 
tbe ocean-storm in bis little skiff; civilised nations build 
tbeir piers and breakwaters tbat tbeir fleets and navies 
may ride bebind tbem in defiance of tbe storm. Man dams 
and diverts tbe river-current, restrains it witbin bounds, 
or even turns it to account as tbe moving power of bis 
macbinery. By strength and weight of material be can re- 
sist tbe fiercest sweep of tbe wind-blast ; or if need be, can 
yoke it to bis wheels submissive and serviceable. He even 
toys witb tbe thunder, and brings the lightning down &om 
tbe storm-cloud. But before the shock of the earthquake 
and the throes of the volcano, man — savage or civilised — 
shrinks altogether abject and helpless. "Witb tbem, bow- 
ever frequently they may occur, he never becomes familiar. 
The earth, with which all his ideas of stability are associated, 
rocks and reels beneath him — ^his proudest cities become 
an instantaneous mass of ruin and rubbish ; himself fiJls 
prostrate, or if he flees, he flees only to accelerate bis &te. 

* See the * Seismology/ and ' Seismograpliic Maps^' of the Messrs Mal- 
let, of Dublin. 1861. 
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The volcano casts forth its scorching ehoivBra of scorise and 
ashes, Ms pastures and Tineyoids are utterly consumed, and 
his homesteads and villages — like Pompeii and Hereulaneum 
— are buried, so that for centuries their very places are un- 
known. Or the red river of lava spreads slowly and irre- 
sistibly down the mountain-side, crushing and aonauming 
the forest-growth like stubble, damming and diverting river- 
couTBes, engulfing villas and towns, and converting the 
fair &ce of nature into a wilderness of blistery slag and 
''the blackness of desolation." 

Opposed to these terrific agencies, man stands utterly 
impotent ; and alas for his ideas of this Scheme of Crea- 
tion, if he cannot learn to associate them with its necessary 
order a&d mechanism ! Exposed to incessant powers of 
waste and degradation from ^vitliout, the earth's crust is 
cmly maintained in habitable equilibrium and variety of 
surface by this power of vulcaaism acting bs incessantly 
from within. As it now manifests itself by the three or 
four hundred orifices known to geographers, ho in all time 
past liave its manifestations been equally apparent — now in 
this region, now in that, now feebly, now with greater in- 
tcmsity, fitful to all appearance, but obeying, we may rest 
JUBOicd, some fixed and determinable law, could we only 
grasp the multifarious conditions associated with its expres- 
noD. Ab at present, so during all the geological periods, 
we find that it has been gradually elaborating hills and 
mountain-ranges, upheaving and consolidating the sediments 
of the sea-botlom, giving diversity of surface to areas of 
flat and uniform deposit, laisiitg substances of utility from 
inaccessible to accessible depths in the earth's crust, and 
ratioulating that stony fabric with lines and walls of injected 
matter, which under the names of "dykes" and "faults" 
restrain the percolation of its internal waters, and bring 
them to the surface in thousands of living and refreshing 
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Btieams. The great diversity of animal and vegetable life 
which now adorns this earth is clearly associated with its 
diversity of surface, and this diversity of surface — this 
arrangement into hill and dale, into table-land and plain, 
into island and continent, with all its varying accompani- 
ments of wind and ocean-currents and climate — is the direct 
result of the earth's incessant vulcanicity. Unless then, 
when considering the earthquake, volcano, and crust-motion, 
we can learn to regard them as necessary portions of the 
orderly mechanism of our planet, we are viewing them in 
the feeblest light, and much as the cowering savage, who 
sees in them only disorder and destruction, and the wrath 
of his offended deities. And even where science cannot 
pierce the veil, we may rest assured, in this as in other 
arrangements of nature, that nothing is jarring, but that all, 
however unintelligible to our finite comprehensions, is in 
perfect harmony, and indispensable to the maintenance of 
this wondrous world-plan — 

*' All seeming discord, things not understood ; 
All partial evil, universal good." 
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It has been already explained that all the substances com- 
posing the earth's cruat, from the most recent and super- 
ficial soils, sands, muds, and gravels, down to the oldest and 
deepest elates and schists, are known as rocks and rock-forma- 
tions. It has also been shown that all these rock-mattera 
are undergoing incessant changes, being weathered and worn 
from the old hills, home onwards by atreama and rivers, 
laid do-ivn as sediments in lakes and seas and estuaries, and 
again upheaved by vulcanic agency as the solid strata of 
newer continents, In this long and ceaseless round they are 
disintegrated and dissolved, reconatmeted and consolidated, 
and it is to the vuied processes of reconstruction and consoli- 
dalion that we would hero direct attention. Every auhBtonce, 




70 TRANSFORMATIONS OF ROOK-MATTBR. 

the moment it is laid down as sediment or dischaiged from 
the crater of a volcano, begins to suffer change and transfor- 
mation. The attraction of cohesion, pressure, the percolation 
of chemical solutions, heat, magnetic currents, crystallisa- 
tion, and the like, are all more or less altering its internal 
texture, and in the long-run its external aspect or structure. 
In course of time, and under the operation of these forces, 
the softest mud becomes compacted into shale, sand into 
sandstone, gravel into conglomerate, peat-moss into coal, 
and coral-growths into limestone ; and by a farther trans- 
formation shales may become glistening clay-slates, sand- 
stones quaitzites, coals anthracites, and limestones sparkling 
and crystalline marbles. This kind of transformation, or 
Metamorphism, as it is technically termed, forms one of the 
most wonderful as it does one of the most difficult chapters 
in geology, and it is to place it in as simple and intelligi- 
ble a light as the nature of the subject will permit that we 
attempt the present Sketch. Of course, it is not to be 
expected that 'what is often a matter of doubt and difficulty 
to the professed geologist can be made easy to the compre- 
hension of the casual inquirer; but an indication of the 
processes of metamorphism can be given, and such indi- 
cation may lead to a more satisfactory conception of the 
character and formation of rocks in general. 

One of the most obvious agents in the re-formation of 
disintegrated rock-matter is simple mechanical pressure. 
As layer after layer of sedimentary matter (mud, clay, sand, 
gravel, &c.) acciunulates in seas and estuaries, the lower and 
earlier are necessarily pressed upon by all those above them, 
and thus they are gradually consolidated — muds and clays 
into shales, sands into sandstones, and gravels into conglo- 
merates. This pressure at great depths must be enormous ; 
and as it IB incessant in its action, we can readily perceive 
how rock-substances may be altered in their structure and 



PHKSaURE AKD CHEMICAL ACTIOK, 71 

texture by this farce alone. But duiisg this mechanical 
pressure chemical actions and reactions are perpetually 
taking place in all rock-masses, and thus its effects are facili- 
tated and rendered much more perceptible. A hed of peat, 
for example, may he solidified bj compression, but during 
ita chemical passage into coal it undergoes a process of 
softening and hituminisation which enables mere pressure 
to act with greater nnifonnity and effect. In tlie earth's 
crust, therefore, wherever chemical transformations take 
place, or heat is induced by chemical actions, mechanical 
pressure will act with increased ef&ciency ; and as these ar9 
almost everywhere present) we may regard the two combined 
(that is, pressure and chemical action) as amongst the moat 
important agents in the metamorphism or transformation 
of rock-matters. And those who have witnessed the effects 
of the hydraulic press — the conversion of the softest pulp 
into a solid mass, and the loosest powder into a hard and 
brittle stone — can have little difficulty in conceiving the 
myriad-fold greater result of thousands of feet of superin- 
cumbent strata, and the continuance of their weight and 
pressure for unknown ages. 

But while all rock-substances are thus continually pressed 
upon and transformed by those that lie above them, the in- 
Hltcation of chemical solutions as well as chemical reactions 
among the particles of their own mass are also materially 
assisting in changing their composition and texture. The 
loose shelly sand of the sea-abore is often cemented into a 
compact conglomerate* hy the percolation of rain-water, 
wliioh, dissolving the limy matter of the shells, diffuses it 

• Thia " littoral concrete," an it has been lithologically Icrmed, may be 
vitneaaed among the Band-drifts, and along tbe sl)orea of many parts of 
tUe British Islands. Composed of sand, sbella, and pebbiea, it ia often of 
stony LardoBBa, and might bo miatakeu for an older rock, werB it not for 
tbe Imbedded shells, which ore all leceat, and to be foond In tbe neigh- 
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throngli the mass, as a mortar to bind the incoherent par- 
ticles into a solid rock. Every rock in the earth's crust — 
sedimentary and vulcanic — ^is rendered more compact and 
crystalline by this process of chemical infiltration. Water 
is ever permeating this outer shell, and thns solutions of 
lime, silica, iron, and other mineral and metallic substances 
are borne hither and thither — here cementing sand and 
gravel into grits and conglomerates, and there calcifying 
a sandstone; here silicifying and hardening some earthy 
limestone, and there converting volcanic dust and ashes intp 
stony tufas and amygdaloids. Besides simply cementing 
and hardening the masses through which they percolate, 
these solutions give rise to new chemical actions, by which 
certain rocks are rendered more crystalline, and altogether 
changed in their texture. A solution of silica, for example, 
may permeate a porous sandstone, and by cementing to- 
gether its particles render it merely harder and more com- 
pact ; while a similar solution, in passing through an earthy 
chalk, might form a chemical union with the mass, and 
convert it into a tough and flinty chertstone. Those ac- 
quainted with the changes that can be artificially induced 
by chemical action, can have little diflSculty in conceiving 
how vast and complex the metamorphoses that may be 
wrought within the rocky crust by the same agency, and all 
the more that heat and moisture are there ever present to 
facilitate its operations. And even where the changes are 
slow and gradual — so slow as to be almost imperceptible — 
we may rest assured they are still going forward, and only 
require time for their perfect development. The recent 
rocks must necessarily have suffered less metamorphism 
than the ancient, but still the time and fitting conditions 
will come when the loose sand will be converted into 
sandstone, and the sandstone, by further change, into 
quartzite; the peat be changed into lignite, the lignite 
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coal, and tlie bitui 



litumingiis coal ink) a hard aod ilameless 
aDthracite. , 

But whateTBr the amount of rock-change brought about ' 
by chemical agency, it is far lesa noticeable than that in- 
duced by the operations of aubternmean heat, whether 
acting in the dry way, as in volcanoes, oi in the wot, as in 
hot springs and Taporiforra exhalations. Whatever he the 
source of volcanic heat, its eifect by contact on all the 
gtratified rocks is at once marked and decisive. Sand- 
stones are frequently converted into crystalline quartziteB, 
shaleB baked into splintery porcellanite and porcelain jas- 
per, and bituminous coals changed into coke-like anthracites. 
"We every day witness the effects of dry heat ia our brick- 
kilns, coke-ovens, glass-houses, and iron-funiacos ; and if 
the effect of such temporary heat be to melt and bake and 
calcine, how much more the results of those subterranean 
fires, that may continue to operate ia certain areas unabated 
for ages ! In the earth's crust, then, wo may rest assured 
that volcanic heat baa effected, and is still effecting, exten- 
sive metomorphism iu all rock-masses, and that those lying 
at great depths and under vast pressure will be affected very 
differently from those occurring near the surface. But be- 
yond this contact with dry heat there ia the permeation of 
beated water and vapours, which greatly facilitate the dia- 
Bolution and recombination of minend matt-ers. As the tern- 
perature of the crust increases at the rate of one degree 
Fabr. for every 60 or 65 feet of descent, the transforming 
effect of this heat at the depth of a few ndtes must he 
enormous ; and we can readily conceive {though we cannot 
witness the operation) how ordinary strata may be con- 
verted into crystaUine schists and igneous rocks, as the 
traps and lavas, undergo a process of re- crystallisation, and 
assume the character of granites. Heat, in whatever form 
it Operates, is, indeed, the great transformer of mineral 
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matter — ^here baking and hardening, there calcining and 
melting ; here inducing crystallisation, and there, in com- 
bination with other forces, filling veins with veinstuffo and 
metallic ores. 

In connection with this deep-seated heat^ we may also 
believe that magnetic currents and crystallisation (to what- 
ever force or forces it may be due) are also effecting a 
marked metamorphism on all the older and deeper^seated 
rocks. The earth is in fact a great magnet, through whose 
exterior crust currents of varying intensity are overpassing; 
and these, we may rest assured, are actively instrumental in 
altering the molecular arrangement of rock-masses, and con- 
ferring upon them not only new textures, but also new 
structures, such as cleavage, crumpling, foliation, and other 
peculiarities which distinguish the slates and schists of the 
older formations. Experiment has tried to imitate this 
mode of metamorphism by passing galvanic currents through 
masses of moistened pottery clay, and the result was re- 
arrangement of the particles so as to produce cleavage, or 
fissility, such as occurs in roofing-slate, and at the same 
time a glistening and semi-crystalline texture. Taken in 
connection with heat, these subtle forces of chemistry, 
magnetism, and crystallisation, are obviously important 
modifiers of mineral and metallic matters ; and thus, among 
the oldest rocks, which have been the longest subjected to 
their influence, we find crystallisation, cleavage, foliation, 
and kindred phenomena in their greatest intensity. It is 
to these older rocks that the term Metamobphio is gene- 
rally applied ; and though all rock-matters are continually 
undergoing metamorphism, and in some localities intensely 
so, yet these old semi -crystalline and highly -altered slates 
and schists are so intimately associated in character and 
position that they have been grouped into a system— the 
" Metamobphio System " of Systematic Geology. 
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Summing up our knowledge of this i 
tonaformation of mineral matter — by which chnlk, for 
instance, can be changed into crystalline marble, and clay 
into glistening roofing-slate — it may be safely aiSrmed that 
tbe following are the principal agents concerned in ite 
production, eveo though we may not be aiwuys able to 
determine their precise modes of operation : — 1. Seat by 
eontaet, as when an igneous maas, like lava, indurates, 
ciystalliaes, or otherwise changes the strata OTor or through 
which it passes. 2. Heat hy transmission, eondiidion, or 
aheorption, which may also produce metamorpHsni, accord- 
ing to the temperature of the heated maas, the continu- 
ance of the heat, and the conducting power of the atrata 
affected. 3. Heat hy permeation of hot water, steam, and 
ot?ter vapours, all of which, at great depths, may produce 
vast changes among the atrata, when it is recollected that 
steam under sufGcient pressure may acquire the temperattue 
of molten lava. 4, Electric and galnania currents in the 
earth's crust, which may, as the experiments of Mr W. Yox. 
and Mr R. Hunt suggest (passing galvanic currents through 
masses of moistened pottery clay), produce cleavage and 
semi- crystalline arrangement of particles. 5. Chemical 
actions and reactions, which, both in the dry and moist 
way, are incessantly producing atomic change, and aU the 
more readily when aided by an increasing temperature 
among the deeper-seated strata. 6. Mechanical pressure, 
produced hy the mere weight of superincumbent strata, and 
which is obviously concerned in the solidifying, compact- 
ing, and hardening of all rock-matter, whether belonging 
to the superficial or to the deeper-seated formations. 7. 
JVew molecular arrangement by pressure and motion — a 
silent hut eifieient agent of change, as yet little nnder- 
stood, but capable of producing curious alterations in inter- 
nal structure, especially when accompanied by heat, as we 
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daily see in the manufacture of the metals, glass, and earth- 
enware. Such, we repeat, are the more general and likely 
causes of rock-metamorphism ; and as it is possible that 
several of these may be operating within the same locality 
at the same time, the reader will perceive that no hypo- 
thesis that limits itself to any one agent can be accepted 
as sufficient and satisfactory. 

It has been already stated, that while eveiy stratum 
or portion of a stratum, every formation or portion of a 
formation, may undergo metamorphism, it was to the older 
and deeper-seated slates and schists that the term Meta- 
fnorphic was more especially applied — it being chiefly 
among these that mineral transformations were to be wit- 
nessed in their greatest intensity. It is true that in many 
secondary mountains, such as the Alps and Apennines, the 
stratified rocks are often highly metamorphosed ; but this 
transformation is for the most part partial, some localities 
remaining little affected, and having all their fossils distinct 
and legible. Near one centre of vulcanic energy the shales 
may be converted into dark glistening schists and the 
limestones into crystalline marbles, while in another cen- 
tre, and only a few nules distant, the shales and limestones 
may retain their original sedimentary aspect. Among the 
primary formations, on the other hand, the metamorphism 
is general, and whole mountarn-ranges and vast tracts of 
country, like the Scottish Highlands and Scandinavia, are 
entirely composed of crystalline slates and schists — the 
clay-slates, mica-schists, chlorite-schists, gneisses, quartzites, 
marbles, and serpentines of the mineralogist. Among 
these rocks stratification is indistinct, fossils are obliterated, 
and the whole succession is massed into one enormous 
thickness of unknown origin and antiquity. Under this 
view these rocks have been successively regarded as 
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"Primaiy," "Metamorphic," "Azoic," an(l"Hj^ozoic,"*or, 
in other words, as marking the earliest stages of world- I 
historj-, and before ]ife had begun to make ite appearance I 
on our planet. 

This Tiew, however, like many othora of the earlier 
geologists, has had to give way to more extended research 
and newet discovery. Even during the time of the Ger- 
man geologist Werner, a large portion of these primary 
strata was found to be partially fossiliferoue, and separated 
■under the term " Transition," as indicating the passage of 
the world from an uninhabitable to a habitable state. In ' 
our own time these Transition rocks (as will be more fully 
explained in a subsequent sketch) have been subdivided 
into " Silurian " and " Cambrian " syatems, both of which 
have yielded abundant forma of life; and still more re- 
cently, in the schists and serpentines of the St Lawrence — 
the equivalents of the old gnarled gneiss-rocks of Scotland , 
and Norway — traces of lowly life have been discovered, this 
giving rise to the "Laurentian" system — the oldest or 
earliest strata in which fossils have yet been detected. Or, 
tabulating the progress, we have first the Pbimaky of the I 
earlier geologists resolved into Tra-nsition and Metamor- 
phic; secondly, the Tkansition resolved into Silurian and 
Cambrian; and, lastly, the Metamorphic resolved into 
Laurentian and Older Orygtalline Schists ; thus — 

Here, then, it is obvious that what has hitherto been espa- I 
eially regarded as the metamorphic sj^tem is merely a 

• Primary, first or earliest formed ; Milamorphii:, Dhanged or tnins- 
fonnod in teitnrB ; A zoic, without life, or deatituta of foBHil remains ; j 
UjpoiBV!, nnder life, or lying beneath the foaailifetoua formstliniH. 
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vast succession of stratified locks of trae sedimentary origin 
like any of the later systems, but so altered by mineral 
transformation that it is only in localities where the meta- 
morphism has been partial and less intense that evidence 
of their aqueous and fossiliferous nature can possibly be 
discovered. As the extensive and mountainous tracts in 
which these schists occur have been but slenderly investi- 
gated, subsequent research may yet discover other fossils, 
and resolve the whole into definite and satisfactory life- 
systems. And should such hopes be fulfilled, how incon- 
ceivably exalted will our notions of the world's antiquity 
become — new aeons of life and physical activity extending 
away into a past as vast perhaps in duration as all the 
later ages that geology has revealed ! We can never hope 
to read aright these earlier pages of world-history, but 
passages here and there may be recovered, and from these 
scattered hints we may obtain enough to convince that 
then as now the physical agencies of nature were ever 
active and subject to the same laws, and that Life too was 
present as their accompaniment, though then merely com- 
ing into view under the operation of a higher and more 
complicated law of development. 

How then, it may be asked, are we to deal, in a chrono- 
logical point of view, with the metamorphic rocks in which 
no fossils have been detected ? Shall we describe them as 
altered Silurians, Cambrians, or Laurentians? or shall we 
continue to regard them merely as metamorphic strata of 
unknown age, till some organism has been discovered that 
may lead to their identification ? Where the stratigraphical 
succession is evident, it may often be convenient to mark 
them as Silurian, or Cambrian, or Laurentian ; but where 
the succession is doubtful, and no trace of organism has 
been discovered, it will be much safer still to retain them as 
mere metamorphic strata. Much error, both in theory and 
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lotice, may arise fiwin adopting an opposite course, wMe 
no inconvenience can resalt from the use of tlie term " me- 
tomorphic," ■which merely implies that the rocks under 
review have suffered intense mineral change, but advances 
no opinion as to their age or chronological co-ordination. 
We might colour on our geological maps the schists of the 
iScottish Highlands and Scandinavia, as Silurian, Cambrian, 
or Laurentian, and support our viewa by many plausible 
arguments, but nothing would be gained by such a course 
which is not already secured by the term " metamorphic," 
while the subsequent discovery of their real character would 
only be em-barrassed by these hypothetical distinctions. 
X«t us continue, then, to treat these old rocks eimply as 
" the metamorphic," labouring to reveal their true nature 
by the discovery of unobliterated fossils, and encouraged hy 
the gaccess which, within the last thirty years, has resolved 
so much of them into Silurian, Cambrian, and Laurentian 
life-systems. 



Snch is the nature of metamorphism, or that internal 
mineral transformation to which all rock-matter in the 
earth's crust is incessantly subjected. Pressure, heat, che- 
mical action, and the other agents above alluded to, are con- 
tianally solidifying, hardening, and crystallising ; and no 
sooner is a sediment laid down, or an igneous mass ejected, 
than it begins to be operated upon by one or other of these 
forces. Of course, the latest laid down will have suffered 
less change than the older and deeper-seated; hence it ia 
chiefly among the latter that metamorphism is to be seen in 
its greatest intensity. It may happen in certain areas, such 
as centres of vulcanic activity, that secondary strata may he 
as much metamorphosed, or even more so, than any of the 
primatj ; but still such instances are exceptional, and it 
may be safely asserted as a general rule that the older 
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locks have undergone the greatest amonnt of metamoiphkm. 
or internal mineral transformation. So great, in many in- 
stances, has this change been, that stratification is rendered 
indistinct, fossils obliterated, aew minerals evolved in the 
mass, and the rocks rendered so crystalline and homogene- 
ous that it is difficult to determine whether they are really 
of sedimentary or of igneous origin. Normally speaking, 
between the most recent and most ancient rocks there will 
be every gradation of metamorphism, and it is to this pro- 
cess that the geologist must learn mainly to ascribe the 
different aspects and textures that prevail among the rock- 
formations of the globe. The atmospheric, aqueous, and 
igneous forces may destroy the rocks in one region and 
re-form them in another, but metamorphism is the sure and 
silent agency by which they are compressed, solidified, 
crystaUised, and converted into other and other aspects. 
No rock — be it shale, sandstone, limestone, coal, iron- 
stone, lava, or greenstone — ^remains for ever the same. It is 
incessantly, however slowly, passing on to other and newer 
aspects, and metamorphism is the great wizard-power by 
which the transformations are effected. A sandstone, how- 
ever soft and granular now, will in time, and under the fit- 
ting conditions, be converted into a crystalline quartzite, an 
earthy limestone into a saccharoid marble, a tender and 
bituminous coal into a hard and flameless anthracite, a 
porous lava into a close-grained greenstone or basalt, and 
a greenstone itself, by farther change, into a large-grained 
crystalline granite. When once the operations of metamor- 
phism are fully understood, the geologist has a key to much 
that is puzzling and perplexing in his science ; and not till 
the efficacy of these is everywhere admitted can he be said 
to have adopted the right methods for the solution of his 
problems. 

As the oldest rocks have undergone the greatest amount 
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of metimiorphism, so it is among them tliat the geologist 
often meets with hia greatest doubts and difKculttes. Defin- 
ing them as the metianorpkK, they were at one time regarded 
u piweding the fossiliferous elrala, and its marking a period 
cf the earth's history when life did not exist, and when, of 
tonrae, its reliqiiise were not expected to be fonnd in the 
iniJty strata. Aa research extended, fossils were here and 
theis discovered, even in these metamorphic strata ; and 
hence the necessity of arranging them (see Sketch No. 5) 
iwotding to this new evidence into "systema" and "for- 
nuitionB," as had been done with the younger and more 
fusailiferotis strata. But beyond the deepest in which traces 
of life have been detected, there still lie vast masses of 
Mystalline and granite-looking schists unresolved, and ap- 
Pwently aniPSolvable, and to such the designation " meta- 
■Wphic " is still specially applicable, and may ever remain 
SO. In these we find no legible record of world-history : 
noUiing beyond the great facta that they are stratified rocka, 
Wd must have been laid down in seas and estuarioB like all 
oilier sediments, and that millions of ages must have elapsed 
^Bring their slow conversion from silts and sands and 
tisveU to crystalline schists and granitoid masses. But 
longh this be the present state of geologic knowledge, we 
™o not, looking at the progress of the past, presume that 
furBier discoveries will not be effected. These old rocka 
•Wyyet tell their tale of life just as the Laurentian and Cam- 
™aa have done it before them ; for, carry our researches 
''Mkward as we may, we perceive no traces of a beginning, 
""y more than in the existing operations of nature we see 
Wiiications of an end. 

Once more : let it be clearly understood that w-lamor- 
P^wnji is simply internal mineral change ; that under pros- 
"Te, heat, chemical action, and other kindred forces, all 
'ock-matter in the earth's crust is incessantly undergoing 
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sucli transformations; and that while this ciust is 
nately wasted and reconstructed by the agents descril 
Sketch ^0. 2, it is mainly &om metamorphism its 
receive these peculiarities of texture and structurt 
confer upon them their distinguishing characteristic 
economic importance. 
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NoiKiNG can "be clearer than this : if the higher and more 
s^poBed portions of the earth be continuousiy wasted imd 
*OTii down, and the rock -material so wasted be as continu- 
owly deposited in the receptacles of lakes and estuaries, 
the older deposits (or formations, if you prefer to coU 
ima) will be the deeper, and the newer will be arranged 
11 order of succession above them. Or put it in this 
WijT: if the sediments of lakes and seas be gradually 
oiinverted into aoUd strata, and now and again upheaved 
into (by laud by vulcanic forces, the oldest, generally 
Speaking, will be the most consolidated and altered. Or 
again, if the sediments of lakes and seas contain less or 
more of the remains of plants and an i mala that have been 
either drifted &om the land or entombed in the areas where 
they flourished, then the latest enclosed remains will be 
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the least altered and most resemble those still living in 
the district. These propositions are so evident that it 
would be little else than waste of time to attempt a more 
detailed explanation. 

We have, then, in the crust of the earth some formations 
very recent and others very ancient — so recent that the 
formative processes are still in action, and so ancient that 
it requires all the appliances of modem science to say how 
they were formed, and to determine the nature of the fossil 
organisms they contain. The great plain of China and the 
delta of the Mississippi, for instance, are of recent growth, 
and indeed still in course of accumulation ; and by a parity 
of reasoning we may readily perceive that the prairies of 
l^orth America and the pampas of South America, though 
somewhat older, are still of comparatively recent formation. 
Everything connected with these accumulations — ^mineral 
composition or imbedded organisms — ^has an air of recent- 
ness about it, and is readily intelligible ; but it is different 
with the sandstones and limestones that lie beneath, whose 
structure has been altered, and whose fossils have been 
mineralised and rendered obscure. These sandstones and 
shales and limestones were no doubt at one time loose sands 
and clays and calcareous muds, but pressure, chemical ac- 
tion, and other metamorphic forces, continued through long 
ages, have converted them into solid strata, and this conver- 
sion has been intensified, for the most part, according to 
their relative dates. As with the stratified or sedimentary 
formations, so also with the igneous. Such hiUs as Hecla, 
Etna, and Teneriffe readily reveal their history; but the 
Alps, the Pyrenees, and the Grampians, whose internal 
fires have been long since extinguished, whose rocks have 
become more crystalline, whose heights have been repeatedly 
beneath the waters, and from which all the loose volcanic 
matters have been washed and worn away, present a very 
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require al! the ingenuity o 
interpret their history. 

This relative antiquity of rock-deposits may he still more 
clBsrly shown hy the formations of our own islands. The 
caiae-lands of the Tay and Forth and the feua of Lincoln- 
ehire axe recent alluvia, and younger than the blue elaye 
and gravels over which they are spread ; the stratified saads 
and days and gravels in the neighbourhood of London are 
jounger than the chalk and greensands that lie beneath ; 
iwd these chalk-hills and greensands of Kent and Surrey 
are newer than the calcareous sandstones and limestonea of 
Portland on which they repose. Again, the oolites or roe- 
stones of Portland are younger than the underljTng red 
undstones and marls of Cheshire, and these newer than 
tlio coals and ironstones of Lancashire that are spread out 
beneath. The coals of Lancashire, Iforthumberland, and 
fife are not so old as the underlying red sandstones and 
fiigslones of Forfarshire ; and these ^ain are much 
Tonnger than the still deeper slates and crystalline schists 
uf the Scottish Highlands. Nor is it superposition alone 
that proves this relative antiquity. Mineral structure and 
texture become more intensified with age ; fossil organisms 
income more ohscure, and the further we descend in time 
Ihfl wider the divergence from the genera and species that 
now people the globa Everything in the earth's crust 
'peaks to this relative antiquity — to this old, older, oldest ; 
Mill it is the object of the present Sketch to describe the 
eulier of these formations, and to depict, as far as Geology 
wn, the aspects of the periods when they were gradually 
«cumu!ating in the primeval waters. 

Before entering on this description, however, it may 

lunder matters more intelligible to state, and what indeed 

been already detailed in No. 1 of these Sketches, that 
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modem geologists arrange the earth's crust into the follow- 
ing /(yrmatlonSy or, referring to their fossils, into the follow- 
ing life-periods and rock-systems : — 

Life-Periods, Boek-Syatems, 

( Quaternary or Recent. 
Cainozoic=Becent Life. \ irertiary. 

f Cretaceous or Chalk. 
MESOZOic=M[DDiiE Life. "S Oolitic or Jurassic. 



PALiBOZOIC=ANCIENT LiFE. * 



Eozoic=Dawn Life. 



VTriassic or Upper New Red. 

"Permian or Lower New Red. 

Carboniferous or Coal System. 

Old Red Sandstone and Devonian. 

Silurian. 
( Cambrian. 
( Laurentian. 



This arrangement is, of course, temporary or provisional, 
and may be altered as geologists become more intimately 
acquainted with rocks of other lands ; but in the mean time 
it expresses our knowledge of the succession that prevails 
among the stratified formations, and may be received as the 
great chronological stages of the world's history. The tech- 
nical terms are founded partly on mineral, partly on geo- 
graphical, and partly on fossil distinctions, and may with 
a little exertion become intelligible to the least scientific. 
Thus " Cretaceous" and " Old Red Sandstone" refer to the 
most prevalent rocks in these systems ; "Laurentian'* and 
" Cambrian " to districts where the systems are largely 
or typically displayed ; and " Cainozoic" and " Palseozoic" 
to the comparative recentness and antiquity of the fossil 
remains. A uniform system of nomenclature might have 
been preferable, but human knowledge progresses by slow 
degrees, and its terms and technicalities must be viewed 
as mere provisional expedients towards this advancement. 
Under the existing nomenclature geology has made bold 
and rapid progress, and any attempt to revolutionise, unless 
through the gradual increase of wider knowledge, would 



tend to obstruct rather than JacUitate. It is to the oldest 
of thesfl so-called syatema that we now dbect attention ; to 
the conditions under which they seem to have been de- 
posited ; and to the kind of life that appears to have 
peopled the lands and waters of their respective periods. 
We have classed them as the " Primary Periods," because 
there is really a greater similarity between their roeks and 
foaails than there is between the rocks and fossils of any 
subaequeut periods ; because, so far as we know, their strata 
are all truly marine deposits ; and further, because their 
fossil forms belong (speaking in general terms) to ineerie- 
brate types — ^zoophytes, shell-fish, cniatacea, &c. — and are 
specially characterised by the absence of the uerlebTales — 
the fishes, reptiles, birds, and mammals. 

Beginning with the LAoacfO'iAS, which term has been 
employed by Sir "William Logan of the Canadian Geological 
Survey, to designate the highly crystalline strata which 
belong especially to the valley of the St Lawrence, and 
constitute the great bulk of the Laurentide mountains, we 
may take Sir William's own description of the rocks which 
compose this oldest and deepest of sedimentary formations. 
" The rocks of this system," he says, " are almost without 
exception ancient sedimentary strata which have become 
highly crystalline. They have been very much disturbed, 
and form ranges of hilla having a direction nearly north-east 
and south-west, rising to the height of 2000 or 3000 feet, 
and even higher. The rocks of this formation are the most 
ancient known on the American continent, and correspond 
probably to the oldest gneiss of Finland and Scandinavia, 
and to some similar rocks in the north of Scotland. They 
consist, in great part, of crystalline schists (chiefly gneisaoid 
or hornblende), associated with felspars, quartatee, and lime- 
stones, and are largely broken up by granites, syenites, and 
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diorites, wliicli form important intmsiye masses. Among 
the economic minerals of the formation, the ores of iron are 
the most important, and are generally found associated with 
limestones." Interpreting Sir William^s technicalities, it 
may be stated for the comprehension of the general reader 
that this old Laurentian formation, which is of vast thick- 
ness (some 30,000 feet or thereby), consists essentially of 
hard and crystalline strata like the gneiss, mica-schists, 
quartz-rocks, and marbles of the Scottish Highlands, or more, 
perhaps, like the still harder and more granitic -looking 
schists-of the Scandinavian mountains. There are no sand- 
stones, or shales, or li^iestones in the proper sense of the term. 
All these have been converted, long ages ago, by heat, pres- 
sure, and chemical action, into sparkling crystalline rocks ; 
lines and layers of stratification are obscure and often alto- 
gether obliterated ; veins and eruptive masses are frequent ; 
and altogether the whole formation wears the aspect of a 
vast and venerable antiquity. 

That the Laurentian system, like other stratified systems, 
was deposited in the form of sands, gravels, clays, muds, 
and other loose sediments, is beyond all question. Nature 
has no other mode of procedure. What is wasted from the 
lands is transferred to the waters ; nothing is lost. It may 
change its form or place, but it is still in existence ; and this 
incessant round of waste and reconstruction, as shown in a 
former Sketch (No. 2), is the ordained order of the uni- 
verse. What a wonderful metamorphism these primeval 
sediments have undergone ! Not mudy nor sand, nor 
gravel; not shale, nor sandstone, nor conglomerate; but 
glistening slates and crystalline schists — sandstones con- 
verted into flinty quartz-rocks, and limestones into varie- 
gated serpentines. And in the midst of all this metamor- 
phism, the fossil organisms seem to have shared the same 
fate ; for we cannot think of waters of deposition without 



LAUBESTUS BIBTKII. 

iating with them some fonna of life, however lowly. 
And yet, till within the last two years, the search for traces 
of life in these primeval rocks was comddei^ viBionary, and 
azoic and hypozoie, or " lifeless " and " onder-aU-life," were 
tiie technicalities by which they were known. Nil de^per- 
andum, however, ehonld be the geologist's motto, and espe- 
cially of those who believe as we do that Life on this globe 
was coeval with the stratified rocks, and that the conditions 
which permitted the deposition of ordinaiy sediments must 
have been favourable at the same time to the manifeatatioa 
of Bome fonn or other of vitality. And so it happens 
that traces of lowly organisation have recently been detected 
in these old Lauientian rocks — in the setpentinous lime- 
stones of Canada— thus holding out the hope that the 
primeval rocks of other regions will yet yield similar traces, 
and prove that the earliest watera were tenanted by their 
own forms of life, and were gladdened by the manifestations 
of sentient existence. 

Indeed similar organisms have already been detected in 
the old (and probably contemporaneous) serpentines of 
Ireland aaid marbles of Bohemia ; and as one form of life 
generally indicates the existence of another upon which it 
preyed or was in turn preyed upon, we may shortly expect 
important additions to this discovery. Even while we 
write (1866), tracks and burrows, supposed to be those of 
worme, have been discovered in a somewhat higher zone, and 
described by Principal Dawson of Montreal. The organism 
discovered, Eozoon Canadtnae, or " Dawn-animal of Can- 
ada," belongs to the lowest forms of life — lower than the in- 
ftisory animalcules, and even still lower than the sponges. 
It is one of the Foraminifera, mere animated specks, which 
Imve nevertheless the power of secreting lime from the 
waters, and enveloping themselves in elt^ant and variously- 
£>iiued cases. These calcareous cases are mere microscopic 
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points, and yet they are perforated "by nnmeroos pores 
{foraminay hence the name of the order), through which 
the creature procures its food and holds intercourse with 
the outer world of waters. Individually minute, they live 
in colonies, and only hecome conspicuous hy their aggrega- 
tions, which in the instance of the eozoon vary from a few 
inches to a foot or two in diameter. The white calcareous 
mud which covers so much of the Atlantic sea-bed is a 
similar foraminiferal accumulation; so is the nummulitic 
limestone which stretches eastward in a great zone through 
Europe and Asia ; so' also is a large proportion of the chalk- 
hills of England ; and so backward in time through other 
limestones, till we reach the oldest and earliest Laurentian 
marble. With a little manipulation, the organisms constitut- 
ing the existing sea-muds or the chalk are readily revealed ; 
but the old eozoon has to be polished, cut into microscopic 
slices, and treated with acids before the peculiarities of its 
structure can be rendered intelligible. So great is the 
change produced by the mineralisation of ages.* Strange 
that the minutest of organisms should be capable of piling 
up such stupendous rock-masses; strange and suggestive 



* We are aware some geologists have called in question the oiganic 
nature of this Canadian eozodn — regarding it merely as a peculiar mineral 
structure mimetic of the organic, examples of such simulative structures 
being well known in other formations. The majority of competent ob- 
servers, however, maintain its organic nature ; and from a conversation 
we had, in the autumn of 1865, with Principal Dawson of Montreal, who 
has examined the rocks in situ, with their unobliterated lines of deposi- 
tion and layers of organic growth (brought out more clearly by weather- 
ing), we share the conviction that the EozoHn, Canadense, whatever be 
its zoological affinities, is of animal and not of mineral aggregation. To 
the practised eye external appearances are often conclusive of organic 
structure, and these, in the present case, had been observed and accepted 
before the microscope was called into court to complete the evidence. 
Those interested in this matter may refer to the papers by Dr Carpenter, 
Professor King, and others, in the Journals of the Geological Society for 
1865 and 1866. 
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l&t tlie lowest forms of life ehotild be the first and earliest 
to reveal itself to the lenses of the paleontologist ! 

Turning nest to the Caxbsias system, so tenned by 
Professor Sedgwick, because well developed in the region 
of "Wales (the ancient Cambria), we find it for the most 
part made up of crystalline schists and slates, hard siliceoaa 
grits, and altered limestones. Like the Lanrentian, its strata 
have nndergone estensive metamorphism or internal mineral 
change, and like the Laurentian, too, it is fcequently inter- 
sected by veins and eruptive masses of granite, and fels- 
pathic greenstone. On the whole, however, its sedimentaiy 
character is much more apparent ; its micaceous schists are 
interstiatilied with grits and sandstones, and its slates oflien 
earthy and more distinctly laminated. Taking it in the 
mass of its 15,000 ot 20,000 feet, it has altogether a more 
recent aspect than the Laurentian, and bears, not only in its 
sandstones and sbaly slates, but in its imbedded pebbles, 
ripple-marks, and tracks of marine worms, more decided 
evidence of its aqueous origin. Of course, like other forma- 
tions, the Cambrian will vary in composition in different 
regions, sometimes being more slaty, and at others more 
schistose and crystalline ; but slaty beds, micaceous fl^- 
stones, gritty sandstones, and limestones more or less ciys- 
talllne, may be taken as the normal aggregate. 

'When we turn to the fossils of the system we find them 
uore numerous and intelhgible thaa those of the Lauren- 
partly no doubt from the less metamorphism the beds 
have undergone, but chiefly, perhaps, from that advancing 
development of life we are accustomed to associate with the 
newer and newer formations. At all events, instead of a 
single organism, as in the Laurentian system, we now find, 
if not a numerous, at least a fair array of zoophytes, echino- 
deims, sheU-tish, annelids, and Crustacea. The species are 
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certainly not the liighest of their respective orders, neither 
are they exactly the lowest ; but, making ample allowance 
for the defects of our present information, it may be safely 
asserted that the fauna or animal-life of the Cambrian 
period is altogether one of a lowly character, and that of the 
flora or plant-life we know nothing beyond a few indistinct 
impressions of algae or sea-weeds. Even the little we now 
know of the Cambrian flora and fauna was altogether un- 
known twenty years ago, and it is chiefly since 1846, and 
more especially since 1859, that its fossiliferous character 
has been fairly established. 

Here then, as in the case of the Laurentian system, we 
have a long period of the earth's history — so long that 
18,000 or 20,000 feet of sediment was accumulated in cer- 
tain parts of the ocean — and of which we know nothing 
beyond what is recorded by these marine strata and the fos- 
sils they contain. We have no glimpse of the land &om 
which these sediments were worn and wasted, yet there 
must have been broad lands to supply this waste and rivers 
to transport it. We are utterly ignorant of the plant-life 
and animal-life — if terrestrial life then existed — by which 
these lands were peopled. We know nothing of the dispo- 
sition of sea and land as compared with the existing conti- 
nents and seas. All that we clearly perceive is the exist- 
ence of these sediment-receiving oceans, with their scattered 
sea-weeds, zoophytes, shell-fish, and Crustacea, and only 
faintly and at distant intervals their sandy and muddy 
shores, in which annelids bored and left their burrows, and 
over which Crustacea tracked and left their traces. Little 
as this knowledge may seem, it is everything compared with 
the beliefe of our ancestors; it is a great deal compared 
with what was known even by the last generation ; and 
it holds out the encouragement that another generation, 
by following in the right path, will arrive at a fuller in- 
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Bight into the physical and vital aspects of this primary 
period. 



The last of the primary systems which form the subjects 
of our Sketch is the Silprias, so named by Sir Koderick 
Muichiaon, because well displayed and first examined by 
bim in that border country between England and Wales 
which in ancient times was inhabited by the Silures. 
Eocks of SUuiian age have been found in almost every 
i^ion of the globe — in Central and Northern Europe, largely 
in both Americas, and in Australia — and though they differ 
much in their mineral composition, some being more crys- 
talline and slaty than others, still on the whole there is a 
■woilderful similarity among them, both in their lithologieal 
and fossil aspects. Occasionally they are so metamorphosed 
as to be nndistiogmshable from the crystalline schists of the 
Cambrian and Laurontian ; but, generally speaking, their 
sedimentary character is abundantly apparent in the numer- 
ous alternations of sandstones, slaty shales, and limestones, 
and we see in these atiata, with their fossil corals, shells, 
and Crustacea, the clearest evidence of deep and wide- 
spreading seas. Altogether the geological record becomes 
more legible, and we can form some notion of the earth's 
terraqueous conditions during the long and gradual deposi- 
tion of the Silurian sediments. "We say long and gradual 
deposition, for in our own islands these strata are from 
20,000 to 30,000 feet in thickness, embracing numerous 
aft«mations of rock-material, and repeated removals and 
renewals of genera and species of animals. 

In these Silurian strata we perceive limestones formed of 
coral-reefs and calcareous debris, slates, and slaty shales 
arising from the deeper sea-muda, and sandstones, grits, and 
conglomerates composed of tlie sands and pebbly shingle of 
the shallower waters. Here and there through the mass wo 
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find interstratified overflows of lava and showers of vol- 
canic ashes, indicating that then, as now, the vulcanic forces 
were active in their work of upheaval and eruption. How 
wonderfully well these old rocks have retained the record 
of their history! Here shore-formed sandstones pattered 
by crustacean feet and riddled with worm-hurrows ; there 
limestones formed of coral-growth and shell-debris in the 
deeper waters : here slaty shales composed of the slimy 
mud of the stiller depths, and replete with zoophytes ; and 
there at intervals vast sheets of tuff and porphyry that 
had been showered abroad as ashes or ejected as lava from 
submarine volcanoes. Occasionally, in the pebbles of the 
conglomerates, we catch glimpses of the kind of rocks that 
formed the lands from which these sediments were trans- 
ported, and from drifted clubmoss-like twigs in the shales 
we know that these lands were clothed in some degree with 
a vegetation, however lowly. 

Such is the tale told of the Silurian epoch by its own rock- 
formations ; but the history receives a deeper and livelier 
interest when we come to consider the number and variety 
of organisms imbedded throughout the system. It is true 
that these are of lowly orders and whoUy invertebrate, if 
we except a few scattered fish-remains found in the very up- 
permost beds, and by many regarded as belonging more pro- 
perly to the Old Eed Sandstone; but lowly as they are, they 
occur in vast exuberance and variety, and mark a marvellous 
progress in life-development compared with what is known 
of the Cambrian and Laurentian. Searweeds and drifted 
twigs and spores of clubmoss-like land-plants is all we 
know of the Silurian flora ; but certain beds of anthracite 
and anthracitous shales favour the idea that plant-life was 
then more exuberant than has yet been detected. In its 
fauna or animal -life we have foraminiferal organisms, 
sponges, corals, polyzoa, or aggregate animals like the sea- 
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ns (gmptolitea, &c.) ; ftlipll-fiah oi' every order, 
Mvalve and univalve, deep-sea and shore dwellers ; ludiate 
animala, like the encrinitea and tho star-fiBhes ; acft-worms in 
their tracks and burtowB ; and crustaceans, chiefly trilobites 
and enryptorites, hnving some resemblance and affinity to 
the existing limulus or king-crah. These oiganisms ore not 
found indiacriminately throughout the system, but vary in 
number and distribution according to the kind of stratum 
in which they are imliedded — every zoophyte and shell-fish 
profcmng a certain kind of sea-hottom ; and according as 
they occur in the lower, middle, or upper portion of the 
aystcm — the upper being the more prolific and characterised 
by the higher species. Numerous and varied as they are, 
they are (with the exception of the obscure land -twigs) 
Bsclusively marine ; and if we regard the uppermost beds, 
with their fish-remaina, as the hase of the Old Eed Sand- 
etone, they are entirely invertebrate,* and mark, so far as our 
present evidence goes, the close of a long primary cycle 
duiing which vitality was gradually evolving, in a fixed and 
Ite order, from lower to higher manifestationa. 



^^£ni1 



Ab economic repositories these primary systems ore, in 
some regions, of considerable importance ; less, however, 
for their rock-products than for the metalliferous veins by 
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' The reader must guard agsiiut the idea that tbore are mj aharp liDes 
of demarcation lietween the ao-ouUed S^ilettu of geologists. The life of 
wrtain wtnarijs and scaa may no doubt he brought to a close hy aome 
sadden cataatrophe, hut such breaks are merelf local, and do not affect 
t^e general life-anangomcnta of the globe. When we ipeak, therefore, of 
the Silurian as " marking the cIosb of a long invertebrate period," it is not 
meant to be asMrted that there were alisolutely no Hahes during the de- 
pMition of tlie uppermost Silurians, but aimply lAai Ihi Pi-imari/ Periodi 
at a KkoU teere thara^tritid bi/ litir uani tff verfcArala itmaiKi, and that 
the strata in which fisb-remains do occor may be regarded, without detri- 
ment to the science, either aa uppermost Silnrian or as lowermoet Old 
Bed Saudnlone. 
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which they are traversed. The vast bulk of their strata 
being gneisses and mica-schists, are little fitted for architec- 
ture ; but their limestones, marbles, and serpentines are often 
of great beauty and much sought after for ornamental pur- 
poses ; while their fine-grained cleavable clay-slates afford 
abundant material for roofing and other multifarious appli- 
ances. Indeed, it is chiefly in these old metamorphic rocks 
that serpentines, variegated marbles, and roofing - slates 
occur, the mineral transformations to which they have been 
subjected giving to the former those varied shades of col- 
ouring and figure, and to the latter that fissility or cleavage, 
for which they are prized. But if the rocks of these systems 
are of comparatively little value, their metalliferous veins 
are rich and numerous — gold, silver, tin, copper, antimony, 
manganese, iron, and other metals being abundant in most 
primary districts, either in the veins themselves or in the 
debris that has been worn and washed from them during 
the course of ages. These primary rocks constitute, indeed, 
the bulk of all our older hill-ranges, and it is only in them 
that the slow processes of chemical deposition have yet ela- 
borated on a grand scale the metallic ores, and the vein- 
stuffe with which these ores are usually associated. It is 
true that veins and ores occur in some of the younger for- 
mations, but not in the same variety, nor with the same 
richness and persistence, as those that belong to the primary 
and more highly metamorphic strata. Hence, it may be 
remarked, the importance of geological investigation in 
colonial and newly-discovered countries ; the determination 
of their formations being tantamount to a declaration of 
their mineral and metallic wealth, or, in other words, their 
natural fitness for mechanical and commercial development 

Such are the great primary periods of world-history — 
the Laurentian, the Cambrian, and Silurian. Geologists 
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^Bf name and arrange them as tho; may, but the great fact 
^^■kda irnqnestioned, that according to our present know- 
^H(e they fonn the deepest or eailieat of tie fossiliferoua 
^^kleins. Other fossiliferous strata etill deeper and older 
may be discovered as geology extends her survey of the 
world's cruet, but in the mean tim.6 such formations are 
onknows. Whole Bystems of strata, deeper and older than 
the Lanrentian, may have been obhterated by metamorphic 
changes, but such reasoning ia altogether futile. In earth- 
history as in human history we must make our chronologi- 
cal arrangements according to our knowledge, and the 
furthest verge to which we have pushed our investigations 
must necessarily stand as the practical, though provisional, 
commencement. And, after all, there is something so like 
a beginning in these old Laurentian rocks, with their lowly 
eofioa, that we feel, if cot at the confines, at least nearing 
the confines, of the possible in geological history. Observe, 
it matters nothing to this history though the earth had 
Bwnng for untold cycles as an incandescent but gradu- 
ally cooling mass. We have no means of inductively de- 
termining such a condition, and we are bound in reason to 
commence our history with the earhest operations we can 
discover in the crust. The earhest of these operations ia 
the laying down of sediments as nature is now laying 
down sediments; and when we find these imbedding forms 
unong the very lowest of oiganiscd existence and nothing 
higher, and find that in after ages the higher gradually 
make thsii appearajn^e in orderly succession, it would be 
abandoning all logical guidance if we did not arrive at the 
conviction that we were approaching, in these Laurentian 
■{uarts-TOcka, schists, and serpentines, the commencement of 
the existing ordainJngs of our planet. It is true, that Dr 
Dawson's discovery of worm-burrows in the upper Lauren' 
lians, if further corroborated, would carry the inference 
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of life-beginnings still lower than the lowennost Lau- 
rentians, and into strata which, in the absence of fossiL 
remains, we are in the habit of designating ^^ meta- 
morphic;" but then be it observed that the distance in 
time between the upper and lower Laurentians is very vast, 
and that the carrying of lowly life-forms even beyond the 
Laurentian epoch does not materially afiPect the conclusion. 
It is merely believed we are approaching, not asserted we 
have reached the ultimate limit of vitality. 

Of course everything connected with these investigations 
is as yet dim and difficult. We know next to nothing of 
the areas occupied by Laurentian and Cambrian strata, and 
can only sketch in very general terms the boundaries of 
the Silurian. We know nothing of the lands from which 
the Laurentian and Cambrian sediments were borne, and 
can only dimly indicate the direction from which some of 
the Silurian were transported. The vast thickness of these 
formations, the frequent alternations of their strata, and 
the fineness of the sediments, imply long lapses of time — 
but how long it were in vain, without some standard of cotn- 
parison, to inquire ; and even though we could give the time 
numerical expression in years and centuries, we could form 
no adequate conception of its immensity. All that we 
know for certain is, that the earth in these primeval periods 
had its seas and continents — seas in which sediments were 
deposited, and lands from which the material must have 
been borne. With the exception of a few Silurian stems 
and seed-vessels, we are in utter ignorance of the life and 
aspects of these lands ; and are merely left to infer the exist- 
ence of other forms of life from the presence of those we 
have determined. Of the tenantry of the seas we know that 
they were few and simple at first, but, as time rolled on, 
newer and higher types made their appearance, and this 
not only in greater numerical abundance, but in greater 



specific variejy. No doubt the record is very imperfect, 
and we cannot for a siomeiit suppose that all the forms of 
life hare "been revealed by the few scattered patches geolo- 
gistB have esamlned. Still, there must be a meaning in 
these lowliest forms of life coming first, in their compara- 
tive scantiness in the earliest formations, in the gradual 
appearance of higher and higher forms, and in their in- 
creasing abundance and specific variety ; and that meaning, 
if we would interpret without bias or predilection, is 
sorely this — that in these old formations we are approach- 
ing — if indeed we have not already reached — the dawning 
of life and the first orderings of that system of progression 
that rtiU prevails, and is carrying the present along with it 

Such, once more, is the faint and fragmentary hietory of 
the earth's primal periods — dim and shadowy loomiiigs of 
undiscovered lands ; glimpses of broad seas in which the 
lowlier forms of life spread and increased in nimibers, and 
rose by some great creative law through newer species to 
higher and higher orders. Fragmentary as the history may 
seem, it is truly marvellous that science, dealing with such 
obscure materials, should have been able, within little more 
Utan. a quarter of a century, to arrive at such satisfactory 
eondusions. Within the memory of living geologists these 
dorian, Cambrian, and Laurentian systems were the 
" Transition," " Metamorphic," " Hj^jomIc " (under life), 
»nd " Azoic" (void of life) rocks of the systcraatista ; and 
now each and all of them have yielded their life-fonns — 
proving the great fact, that there is no known period of the 
earth's history when life, in some form or other, did not 
wdflt, and leading to the belief that the manifestation of 
!ife on our planet was coeval with the earliest of the strati- 
fied formatiens. How wonderful the intureet with which 
these chips and fragments can invest the history of the 
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past ! like the prebistorio lelics of the sheU-moundSy the 
lake-dwellings, the caves, and the riveiygiayels, they may 
lead to no very definite or connected view of the aspects 
and histoiy of the periods to which they relate; but to 
science they are invaluable as proving what has been there, 
and as indicating the design and method of creation. 
Where everything is so obscure the faintest glimmer be- 
comes an unspeakable boon — a certainty of itself where- 
&om to predicate, and the strongest incentive to further 
investigation. 



VEIHS— THEIE NATITEE AND OEIGIN. 



AQBNCY — ElECTEIC AMD OTHBB 
OnB VBISa— CONTEAflT BETWEEN 



It lias been stated in the preceding Sketch, that of oil the 
rocka in the earth's crust, the primary are tlioae moat abun- 
dantly traversed by veins. As those veins ore the great 
repoflitories of the metallic ores, it may be useful at this 
stage briefiy to explain what veins are, how they occur, and 
what the general character of their contents. This infonna- 
lion may lead to a better comprehension of much that will 
be subsequently stated, at the same time that it is valiiable 
knowledge of itself, and belongs to one of the most inter- 
esting departments of jnodem geology. 

It was mentioned under Vnlcanicity, that in all Tolcaniii 
areas the solid crust was more or leas rent and fissured — 
tlieee renta either radiating from some centre of eraptioa, 




102 



TDSB — THKIB KATDRB tXD OJUOIS. 



or r unning paraQel to each other according to the 
prevalent direction of the earthquake conTubdona. These 
fractures will vary, of courae, from mere cracks to yawning 
chasms many feet in width, and will descend at all inclina- 
tions — some slopii^t downwards at a low angle, and others 
sinking perpendicularly, or nearly so. Now it requires no 
great effort of the understanding to perceive that these 
fissures, in course of time, will be filled either by matter 
washed in from the earth's surface, or by volcanic and 
mineral substances injected from the interior. Such rente 
in the stratified rocks, when thus filled up by lava, by 
greenstone, or by basalt, are generally known as " dykes," 
the igneoue matter rising up like a wall through the strata 
on either aide. On the other hand, when they are filled 
by Bpany or crystalline minerals, and these intermingled 
more or leas with metallic ores — the alow and gradual de- 
positions of chemical agency — they are usually distinguished 
as " Veins," from their traveraing and ramifying through 
the crust like the ceins through the animal system. But 
the veins that were formed at one period may be cut 
through or crosaod by others of a later era, and thus in 
many districts there is a network, as it were, of veins, 
crossing and intercrossing ia a very complicated manner. 
Ab might be expected, too, the original veins may contain 
one Mnd of mineral or metal, and the cross- veins another 
kind, and hence the greater richness, as well as complexity, 
of many metalliferous regions. 

Understanding, then, that " dykes" consist of nnprodao- 
tive rock-matter, and that " veins " are always less or moi« 
metalliferous, it may be stated as a fact, that the latter 
occur most abundantly, and naturally so, in the primary 
formations. These are the rocks that have suffered most 
from igneous convulsions, and these also are the rocks 
among which metamorphism and chemical agency have had 
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bngest time to bring about internal change and fill with 
c^talline and metalliferous depositions. Thero are, no 
doubt, productive veins in later formations, such as the 
lead and silver bearing veins of the Carboniferoua limestone ; 
but these by no means occur in the same richness and 
variety as those of the primary strata. Wherever, then, 
we have extensive developments of primary rocks and 
mountains, as in Wales and Cornwall, Scandinavia, the 
Onralfl, the Andes and Mexican Sierras, there also we may 
espect a corresponding development of metalliferous veins 
— gold, silver, tin, copper, and the like — of varying age 
and richneBs, according to certain laws the order and gover- 
nance of which geology is yet unable to indicate. The for- 
mation and accumulation of rocks is in most instances a 
slow and gradual process, but the segregation and deposition 
of metalliferous matter is stiU slower, and thus we may look 
upon the veins of the primary strata as of high antiquity, 
though necessarily younger than the rocks they traverse. 
Occurring most abundantly in the older formations, and 
very rarely in those of secondary or tertiary date, it is to 
the veins and veinstones of primary regions that the follow- 
ing remarks will be more especially directed. 

Defining a vein as a rent or fissure in the earth's crust 
which has been subsequently filled up by infiltrations of 
nuneral and metaUic matter, it must be obvious that veins 
wiD be of various widths and of various inclinations. Pro- 
ductive veins seldom exceed a few feet in width, and it is 
rare to find them beyond fifteen or twenty ; but their in- 
clinations are at all angles— some descending almost per- 
pondiculaily, and others sloping downwards by very easy 
BtageB. The bounding rocks on either side form the 
tlieehi or lealU of a vein ; the mineral matter of which it 
is composed, the vem-ntiif,' matrix, or gangue ; and the 
metallic ore is distributed through the matrix in ribs, 
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jpockets, nests, strings, and plates, according to the manner 
and abundance of its occurrence. The vein-stuff is usuallj 
arranged in layers from the walls inwards, the centre being 
generally occupied by a rib of ore, though not unfire- 
quently hollow and lined with crystals. The whole matrix 
has thus a striped or veined appearance, the stripes run- 
ning up and down or parallel to the cheeks or containing 
waUs. It must, be obvious &om this description that a 
vein is something very distinct fix)m the rocks through 
which it passes. If it pass through igneous rocks, its 
stripes and colours contrast very strongly with the dark 
uniform hues of these masses; if through sedimentary 
rocks, its upward and downward course through their strata 
at once arrests the attention ; and, generally speaking, its 
sparry or crystalline texture is sufficient to define its thick- 
ness and direction. Passing from below upwards, and 
frequently ramifying, crossing, and intercrossing in many 
directions, they look indeed like the veins in vegetable and 
animal structures, and hence their appropriate and expres- 
sive designation. 

The sparry matter which forms the bulk of the vein- 
stone or matrix consists for the most part of quartz, car- 
bonate and sulphate of lime, carbonate and sulphate of 
baryta, or of alternations and admixtures of these — the ore 
occupying a subordinate part in ribs, strings, nests, and 
pockets. These vein-stuffs seem to have been deposited first 
on the cheeks, and then coating after coating towards the 
centre, which is either solid like the rest of the matrix, or 
hollow, as if there had been a deficiency of filling matter ; 
and, in such cases, the cavity is lined with crystals shoot- 
ing and pointing inwards. Having had room to assume 
their independent forms, the crystals in these cavities are 
often of great beauty, and it is usually from such vein- 
spaces that the mineralogist obtains his rarest treasures. 
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lome instances the vem-stuff consists of a single sub- 
stance in repBBted coatings, such, as qnartz or carbonate of 
lime ; in other instances it is made up of alternating layeia 
of two substances, such as lime and baryta; and in many 
cases it consists of a seemingly capricious admixture of 
several ingredients. As with the vein-stuffs so with the 
enclosed metallic ores — some veins oontaining only one 
metal, others two or more metals, and in such cases there 
is usually a curious and persistent connection, as lead with 
silver, copper with tin, iron with manganese, and gold with 
platinum. Besides this curious connection of metal with 
metal, there is often an observed relation between certain 
ores and certain vein-stuffs, as gold in quartz, lead in car- 
bonates and fluates of lime, &c. ; and these relations when 
carefully noted are often of great practical value to the 
mineral explorer. What has caused these curious alterna- 
tions of vein-atufis and connections of certain metals science 
cannot in the mean time determine, but it observes the 
modes in which they occur, and this, when accurately done, 
is always a step towards the solution. Whatever the causes, 
they have operated not always in filling the veins and fls- 
Bures merely, but often in impregnating the adjacent rocks 
through which the veins pass, and thus the cheeks or walls 
m occasionally worked for the strings and plates of the 
ores they contain. 

But though unable to explain the relations of certain 
tew to certain vein-stufis, geology has amassed a great 
desl of observation on the subject,, aa well as on the preva- 
lent direction or slrilte which veins take in certain locali- 
ties. The ascertaining of this direction is all-important; 
tar while the main veins of a district containing one kind 
of metal are found to strike always in one direction — 
easterly and westerly, for instance — the secondary or cross 
Tana running northerly and southerly are almost certain to 
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be the repositories of other kinds of ore. As the main 
veins or '4odes" ore thus intersected by others of more 
recent date, they will also be more or less displaced, and 
the ascertaining of these facia is ever of the highest 
moment to the mining industry of a district, to say nothing 
of its importance to correct geological deduction. The 
mapping of these directions and the colouring of the 
primary and secondary veins according to the kind of ores 
they contain, is a work to be done by the mining-engineer 
for each respective district ; though it is now well known, 
that according to the rocks of a country and the age and 
direction of its hills, so also are the general strikes of the 
, veins and the nature of their metalliferous contents. The 
direction of veins and the nature of their contents reveal a 
chronology and order within their respective areas as much 
as the stratified systems do, and a knowledge of these rela- 
tions is alike of scientific and economic importance. 

At the present time attention has been less directed to 
the direction of veins and the corresponding nature of their 
contents than to the modes of their formation and their 
subsequent infiltrations. At one time igneous action was 
called in by hypothesists, not only to produce the original 
fissures, but to accomplish also the subsequent fillings-in ; 
and, in fact, to perform the most opposite and contradictory 
functions. Now, however, while it is agreed that the rents 
and fissures were originally produced by, and owe their 
linear directions to, vulcanic commotions, it is the general 
and growing opinion that their subsequent fillings-in with 
sparry and metallic matters are due to the infiltration and 
deposition of chemical solutions. Heated waters and va- 
pours, or hydro-thermal action^ as it has been termed, has 
been the main agent in dissolving, carrying upwards, and 
re-depositing the mineral and metallic matters — ^that is, the 
sparry vein-stuffs as well as the crystallised ores. In fSeust, 
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siinilar spars and ores caa be produced in the laboratory by 
clieinical and electrical means, and all the more certainly 
that heat is present to facilitate the operation. What can 
be simulated on the small scale by art we may readily be- 
lieve to be producible by nature on the large, and thus to 
chemical and electro* chemical agency are now generally 
attributed the formation of vein-atufis and their associated 
ores. We have spoken of the greater efficiency of heated 
waters in dissolving and holding in solution mineral and 
metallic matters, but the effects of water in general (whether 
hot or cold) must not be overlooked, it being the grand 
medium through which the contents of reins have been 
conveyed to their present positions. It is this belief in 
chemical solution and re-depoaition which t 
the modern theories of mineral veins from the olde: 
of Bublimatioa through igneous or plutonic action. 



Whatever may have been the immediate agent of infil- 
tration and deposition, one thing is certain, that veins, 
and especially metaliifeTous ones, are most abundant in 
areas that have been long subjected to igneous action. 
There is the closest connectian, and necessarily so, between 
the two phenomena, as it is only in convulsed districts that 
rents and fissures can occur, and in such districts also that 
such fissures have the greatest chance of being most rapidly 
filled with mineral and metallic precipitates. Wherever, 
therefore, there are old hill-ranges and primary areas that 
have been rei>eatedly subjected to subterranean forces, there 
■we may expect veins and cross- veins — each set representing 
a long course of time, and being for the most part lillad 
with its own special ores and veia-stufis. All portions o£ 
a hill-range may not be rich ahke, for there are certain 
centres in which the producing forces seem to have acted 
with greater intensity, or at all events to have been longest 
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oontinned, and it ia in these that the greatest variety of veins 
and croas-veijis occur, and from these also that the greateet 
variety of metallic ores are to be obtained. What the law 
that has determined the greater richness of certain districted 
science cannot as yet give the alighteat indication, any more 
than it can tell why certain areas that were once convnlsed 
with igneous activity have long Buice been cold and silent 
All that can be done in the mean time ia simply to not© the 
faets, and these, when correctly recorded, become of the 
greateet importance to industrial operations, aa they will 
one day or other do to scientific deduction. 

The importance of correct information on aU that re- 
lates to metalliforous veins and deposits cannot be too 
highly valued, and especially in countries like Britain, that 
depend so much npon the metals for their mechanical, 
manufacturing, and commercial greatness. Whether as a 
medium of exchange, for the fabricatkin of implements 
and the construction of machines, or merely for objects of 
luxury and ornament, the metals are atl-important ; and 
whatever tends to certainty and facility in obtaining their 
ores ie deserving of a nation's encoun^ement. Without the 
metals there cannot, indeed, be high and substantial pro- 
gress in civilisation ; and in modem times a nation's place 
may be safely indicated by the facilities she has of obtain- 
ing them. Her hills may be bleak and barren, and little 
fitted for the amenities of agriculture ; yet beneath that poor 
and rugged surface may lie mines of untold wealth, and 
the readiest means of manufacturing and commercial great- 
ness. And such is usually the contrast that presents itself 
in mining and metalliferous districts. Cold and retentive 
clays, nngenial moorlands and uplands, are too often charac- 
teristic of coal tracts, as witness those of Northumberland, 
Durham, and Lanarkshire; while clifEs, and scars, and 
bleak unapproachable ridges, are the common concomitants 
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of mctalliferoaa regions, aa those of Derbyahire, Walea, and 
ComwalL 

The great value of primaty diBtricts lies, as already mea- 
tioiied, in their metalliferous lodes and veins, or in the 
stream-drifts that have heen weathered and worn in course 
of ages from the clifi'a and precipices above. The vein lies 
in the solid rock, and must bo mined with great labour and 
outlay ; the stream-drift, on the other hand, is but the 
water-lioTne debris from the veins above, and demands 
merely sorting and washing. The stream-work is the ready 
and primitive method of obtaining the ores and metals ; 
the mine is the laborious hut more certain appliance of 
modem times and modem requirements. In conducting a 
stream-work, little more is needed than manual labour and 
care ; in managing a mine, mechanical appliancp.s, engineer- 
ing skill, anil correct geological deduction are indispensable 
at every stage of the undertaking. 

Such is a brief, and necessarily sketchy, outline of the 
nature and origin of veins and vein-stufia. The rents or 
fifisnrea originally produced by subterranean convulsion are 
sabsequently filled by infiltrations of mineral and metallic 
matter, and thenoa become the veiTis which seem to ramify 
and reticulate through the earth's cmst like the veins 
through v^etable and animal structures. A fissure may be 
produced in an instant by earthquake convulsion, but ages 
may pass before it be completely filled by sparry minerals 
and metallic ores — tlio slow depositions from aqueous per- 
colation and solution, Aa water is ever percolating the 
ooith's crust, so it is ever diaaolving from one part and re- 
depositing in another ; and this power of dissolving ia no 
doubt greatly augmented by heat, just as rapidity of pre- 
cipitation and crystallisation may be facihtated by electro- 
magnetic currents which ore incessantly traversing the 
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rocky framework. In this way the fissure hecomes a vein ; 
and as each set of veins has a fixed direction, and is 
charged with its own peculiar vein-stuff and metal, the 
ascertaining of these directions and peculiarities is at once 
of the highest scientific and economic importance. As the 
original fissures are produced hy volcanic convulsions, and 
the subsequent fillings-in by slow and gradual precipitation 
&om solution, veins will occur most abundantly, of course, 
in districts that have been longest subjected to those 
agents ; and such tracts are necessarily those occupied by 
primary and transition strata. In these districts, bleak 
and barren and inhospitable, the mining industry of the 
world is chiefly situated, their subterranean wealth compen- 
sating, and often more than compensating, for their want 
of agricultural fertility and amenity. As the metals are in- 
dispensable to mechanical, manufacturing, and commercial 
progress, so they are generally regarded as powerful auxili- 
aries of civilisation ; hence the importance of all that at- 
taches, scientifically and industrially, to their history, their 
modes of occurrence, the means of obtaining them, and the 
processes of reducing them from their ores and associated 
vein-stuffs. 
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Whatever may have been the meaning which our fore- 
fathers attached to the term fossil (JM. /ossilis, Aug up), 
every man and woman of ordinary intelligence now under- 
stands that it refers to the remains of plaiite and animals 
found in the crust of the earth, and more or leas petrified 
or converted into stony matter. Whore these remains — 
whether trunks, hranches, or leaves, bones, teeth, or shells — 
occur in recent and superficial accumulations, they appear 
little altered in texture, and are usually looked upon as 
mth-fosBil, or only partially fossil ; but when they are im- 
bedded in the older and harder strata, the stony conversion 
is in general complete, and they are then regarded as true 
fossils or petrifactions. Wherever they are found theii 
history excites a lively interest ; and minds altogether un- 
attracted by the physical record of the earth are often 
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excited to enthuBiasin in the search of its organic memorials. 
Their study is, iE fact, a kind of archteology — an antiqua- 
riaaism like that which attaches to ruins and biirial- 
mounds, but of a broadur and more marvelloufl description. 
To the older geologists their occurrence yraa a riddle, and 
few considered them as other than mere accidente or lumt 
naturee; but to the modem geologist they are replete with 
information of the world's past, revealing to him the kind 
of life that peopled its lands and waters during the succea- 
sive st^es of its history, and, by inference, the geographical 
conditions under which they flourished and declined. Tlie 
recognition of their nature and importance has thrown a 
new and higher interest round geology ; and where the 
Btudy of mere rocks and minerals formerly shed an uncer- 
tain glimmer, the science of fossils has cast the light of 
sure and satisfactory information. This science of fossils, 
or PalcBonlology, as it is technically termed (Gr. palaios, 
ancient; onia, beings; and loyos, discourse or reasoning), is 
now, indeed, one of the main sections of geology; for if 
geology be world-history, that history can never be written 
without a knowledge of the plants and animals that have 
successively peopled the earth, as well as of the external 
conditions which the nature of these plants and animaia 
alone can indicate. It is necessary, then, that the student 
of popular geology should know what fossils really are, the 
various states in which they occur, and the manner in 
which they can be arranged according to the classificationfl 
of the botanist and geologist. To these subjects we devote 
the present Sketeh, — premising that Paleontology may be 
technically subdivided into PalcBophytology, or the science 
of fossil plants, and Palceozoology, or the science of fossil 
animals ; though, for all ordinary purposes, the general 
term is sufBciently comprehensive and intelligible. 

Like other things in the history of the earth, the nature 
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I »nil occnrreuce of fossils will bo beat explained by an 
I ippeal to the oxisting operations of nature. If we atand by 
I the side of a river, and especially wlieu it is in flood, we 
I psrcflive that the current is continually bearing onward 
I vegetable and animd dobiis, and that this debris is giadoally 
I entombed among the mud, sand, and gravel which the river 
I dsposits in the lake, estuary, or eea into which it discharges 
f its waters. As irith one river, so with every rill and liver 
that traverses the terrestrial surface — each is carrying 
down the epoila of the laud in a state more or less frag- 
mentary, and burying them in the silt, where, excluded 
from atmospheric decay, they appear in the liret stages of 
foBsilisation. As with land plants ami animals, so with 
those of lakes and seas ; they die and are imbedded in sedi' 
ments where they Uved and grew, or are drifted by tides 
and currents to some distant locality. Tliis process is ever 
going forward in every region — tropical, temperate, and 
arctic ; and as each region is characterised by its own 
special flora and fauna, tho imbedded romains will indicate 
to fatnre observers the external conditions under which they 
grew and were deposited. The plants and animals entombed 
in the estuary of the Amazon must differ from those de- 
posited in tho delta of tho Mississippi, and these agmu from 
those preserved in the mud-islands of the Mger, the Ganges, 
and other Old World rivers. The shells, Crustacea, and 
fishes that die and sink in the sediments of tropical seas 
differ widely from those of temperate waters, and these 
again as mdely from the fauna of tho Arctic and Antr 
arctic Oceans. Aa it is now, so it must have been in all 
former ages, and thus the fossils of the stratified formations 
become the oidy clue to the geographical conditions of the 
■Teas in which they were deposited, and of the regions from 
which thoy were derived. 
Nor is it geographical or climatic condition alone of which 
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these fossil relics bear evidencfi. Every family of plants 
has its own peculiar station — the waters, the marsh, the 
plain, the npland, or the shingly desert ; and every family 
of animals its own special habitat — the forest, the open 
plain, the shoUow lake, the sandy or muddy Ghore, or the 
greater ocean-deptLB. Ah these fsmOies are regulated now, 
so the palaeontologist presumes they were governed in former 
epochs, and thus by a critical study of his foBsile he amrea 
at a more vivid picture of the past, and can associate with, 
each order and family the general features of their physical 
Burronndings. From his knowledge of the present he riaea 
to a true conception of the past, and from his acquaintanea 
with the existing he can indicate with something like 
certainty the habitats and distribution of the extinct. It 
is true there will he occasional comminglinga of terrestrial 
and aquatic remains, of fresh-water and marine, just as now 
the spoils of the land may he mingled with those of the 
estuary, and those of the river with those of the ooean'; 
but in general such commixtures are limited, and do not 
obliterate the broader characteristics of the formationB in 
which they oceur. Here and there the record may be com- 
plicated ; it is never equivocal or disguised. 

Not is it mere habitat and distribution the palfeontologist 
coji thus arrive at ; hut habit and function are also deter- 
minable by the requisite anatomical skill. The forelimb to 
Hwim, the forelimb to walk, the forelimb to nm, the fore- 
limb to seize, and the forelimb to fly, are each stamped by 
its own essential characteristics, just as the herbivorous, the 
carnivorous, and the insectivorous teeth are ; and thus the 
competent paheontologist is enabled to recall not only the 
physical surroundings of his fossil flora and fauna, but their 
forma and functions — presenting a picture of the world's 
past like that which the geographer presents of its existii^ 
phenomena. There are few things, indeed, which science 



HOW DECIPHERED. 115 

W greater cause to boast of tlian tliJa determination and 
'tstorotion of fossil forms. From a few stray chips and 
fiagaenta to rsTeal the nature of the plant or animal to 
fhich these fragments helong, or from a few scattered hones 
Mil teeth to reconatruct the form of the creature and in- 
tticsle ita habits and functions, is, in truth, the triumph of 
modem anatomy. " Everi/ organised being," says the im- 
mortal Cuvier, "forms a whole, a single eircumscribed 
Vj/atsm, the parts of which mutually cimvupoitd and concur 
to the mine definite action by a reciprocal reaction. None 
of these parte can change without the others also clianging, 
and eonsequenlly each part, taken separately, indicates and 
gives all llie others." In this truth lies the fundamental 
law of the co-relation of parts, the discovery of which en- 
abled the great French anatomist to effect hia wonderful re- 
atoratioDB of the mammals of the Faria Basin, and the enun- 
ciation of which has ever since thrown the light of hope 
and of certainty over tho toilsome labours of the paheonto- 
logiat. Tp him foasile became, as they have been eloquently 
and appropriately termed, the Medals of Creation; "for 
aa an accompliahed numiamatiat, even when the inscription 
of an ancient and unknown coin is illegible, can from the 
half- obliterated effigy, and from the style of art, det«nnine 
with precision the people by whom and the period when it 
waa Btmclc ; so in like manner the geologist can decipher 
these natural memorials, interpret the hieroglyphics with 
which they are inscribed, and, from apparently the most 
inaigniticant rehcs, trace the history of beings of whom no 
other records are extant, and ascertain the forms and habits 
of unknown types of oi^nisation, whose races were swept 
Ivsta the face of the earth thousands of ages before the 
creation of man and the creaturea which are hia contom- 
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Of couise, all plants and animals are not pieservable 
alike, nor are the same organisms, though occurring in the 
same formation, always found in the same state of pre8e^ 
yation. Plants and animals that have been exposed to 
atmospheric decay before entombment will be less perfect 
than those that have been suddenly and thoroughly im- 
bedded. The harder parts of plants — roots, stems, leathery 
leaves, and nut -like fruits — will run a better chance of 
preservation than the soft and succulent portions. Corak, 
shells, crusts, bones, teeth, scutes, and scales, will be pre- 
served when all the softer parts of the animals to which 
they belong have entirely disappeared. The harder and 
more massive portions of a skeleton will resist when the 
softer and more slender have fallen to decay. The dense 
and thoroughly ossified bones of an old animal will endure 
whore the spongy and unanchylosed members of a young 
one fall asunder and perish. Ferns, mosses, and resinous 
pines will resist maceration when other plants will totally 
disappear. All things considered, aquatic animals run a 
better chance of preservation than terrestrial ones ; and the 
bulkier land-mammals and amphibia than the birds and 
insects. Gregarious animals, too, are likely to be found 
in greater abundance than those living isolated and soh- 
tary^ — the catastrophe (earthquake, land-flood, or wind- 
storm) which would destroy only a few of the latter, over- 
whelming the former by hundreds' of thousands. In this 
way shoals of fishes may be suddenly suffocated by sub- 
marine exhalations, shell-beds buried beneath obnoxious 
sediments, herds of ruminants borne from the land by floods, 
and clouds of insects swept into the sea by wind-storms. 
The inconceivable numbers in which fossils are sometimes 
found crowded into very limited areas would seem to point 
to such accidents for their entombment— their perfection, 
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indiscriminate aggregation, and individuol positions, all in- 
dicating some sudden death-catastropLe. 

The nature of the eedimenta must also exercise a maiked 
influence in the number and perfection of the imbedded 
fiKsils. Loose and porona sands will bo loss preservative 
than impervious clays and muds, and heterogeneous silts 
tliia calcareous sediments. In this way minute organisms 
may totally disappear, and larger ones he preserved in 3 
mutilated and fragmentary form. Every one acquainted 
with the nature of our peat-mosses, with the sands, clays, 
and marls that fill up our ancient lakes, and vrith the sands, 
gravels, and silts now accumulating in our estuaries and sea- 
creeks, must have witnessed the different preservative effects 
of these sediments ; how solid and dense the bones are in 
one, and how spongy and rotten they appear in another ; 
how hard and firm the shells are in one, and how soft and 
friable they occur in another ; and how sharp and clear 
every external marking is retained in one matrix, and how 
wasted and obscure it becomes in another. As ^■ith these 
recent accumulations, so with the strata of the older forma- 
tions ; some are destitute of organic remains, which must 
at one time have been imbedded in them in abundance, 
while in others they are so imperfectly preserved as to be 
of little or no value to the palteontologist The various 
ways in which plants and animals may be imbedded and 
pteeerved in sediments being so obvions, the difforent pre- 
servative effects of different sediments being also apparent, 
the reason why some forms should occur more abundantly 
than others being generally discoverable, and the evidences 
which such plants and animals afford of the geographical 
conditions under which they flourished being admitted, let 
IIS BOW inquire into the processes by which they are lapidi- 
fied, or converted into stony matter. 
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Generally speaking, in recent accumulations, such as sand- 
silt, peat-moss, and the like, the remains of plants and 
aTiimftlH are found little altered. The more volatile matters 
are expelled from the plant, and the more perishable in- 
teguments and softer tissues of the animal have perished. 
Boots, trunks, branches, and the harder fruits, if excluded 
from the action of the atmosphere, become darker, denser, 
and assume a peaty aspect. In like manner, bones, horns, 
teeth, shells, and crusts, lose a portion of their animal 
matter, and become denser and heavier through some slight 
absorption of mineral ingredients. But in all the older 
formations the vegetable, if not converted into coal, is 
thoroughly lapidified — that is, changed by a slow chemical 
process into flint, ironstone, limestone, or sandstone, as the 
case may be — and merely retains its organic form; while 
animal remains undergo a similar conversion, and are 
recognisable only through their individual forms and 
textures, which continue unchanged and persistent. There 
is nothing more marvellous than this process of petri- 
faction: particle after particle as the organic matter dis- 
appears, so particle after particle the mineral matter takes 
its place, and this so delicately that scarcely a cell or 
fibre IB ever ruptured or displaced ! Of course where the 
mineral solutions percolating the earth are so numerous 
there will be great variety of petrifactions, some being 
calcareous or limy, some siliceous or flinty, some ferruginous 
or irony, and others bituminous or coaly. But in whatever 
state they may occur the process seems the same — namely, 
a gradual dissipation, through decay, of the organic atoms, 
and a gradual substitution, through permeation, of the 
mineral or inorganic. Great differences will also arise from 
the chemical nature of the organisms themselves — wood, 
bone, horn, teeth, shells, crusts, and corals, each having its 
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Q composition, aail possessing its own power of resisting 
decay. Not only so, but aa the purcolation of mineral 
Bolutiona through the earth's crust is incessant, what is 
depoaited at one time may be dissolved at another and a 
new substance substituted in its place, or no new substance 
may be substituted, and merely the hoUow mould of the 
organism left to prove that it once was there. For instance, 
a shell or coral, which consists of animal-formed carbonate 
of lime, may be converted into apany mineral carbonate ; 
or this may be dissolved and carried away, leaving merely 
a hollow mould with every ridge and line and pore im- 
pressed on the containing matrix; or tliia mould may be 
refilled with Biliceous matter, and the shell or coral theu 
present itself as a flint, with every pore and ridge and wrinMe 
aa delicately perfect as on the ordinal organism the day it 
was imbedded. This perfection of preservation ia often, 
indeed, truly marvellous. We Lave seen the faceted eyea 
of trilobites as perfect in form aa when they received the 
rays of light through Silurian waters ; carboniferous uni- 
valves with their colour-bands Btill unohUterated ; internal 
costs of products with their muscular apparatus displayed in. 
a Bt]rle of legibility to which no anatomical preparation could 
appnachj and ink-bags of cuttle-fishes so little changed as 
to fiimish the pigments for their own portraiture. 

Of course, the consideration of these percolations, dissolu- 
tions and substitutions, involves many intricate questions in 
dienustTy; but enough has been stated to inform the gene- 
al reader that fossUs may occur in many different conditions 
— ae atony conversions, as moulds, as casts, or as mere im- 
pressions on the matrix in which they are entombed. But 
in whatever state they may occur, there is usually sufficient 
left either in general form, in external character, or in inter- 
nal texture, to enable the palicontologist to determine their 
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places, or at all STente to approximate to their places, in the 
vegetable and animal schemes. These detenninationa, in- 
deed, conatitute the main duty of paleontology ; and when 
one conaidors how widely scattered fosaUa usnally are, how 
sorely mutilated and fragmentary they often appear, and 
that they ai'e lately the chance findings of qnarrymen and 
miners, it is truly marvellous how much of rsJiable world- 
history the science, within little more than half a century, 
has been able to reveal. It is tme thore is still very much 
to he done, and perhaps more in fossil botany than in fossil 
mo\ogy, inasmuch aa vegetable organisms are less perfectly 
preserved than animal, and because the classificationa of the 
botanist are mainly founded on the ilowera and leaves — 
portions which of all others are the moat evanescent and 
perishable. Notwithatanding these difQcultiea, the palieon- 
tologist Jinds that all his fossils belong to the same great 
scheme of life with existing plants and animals, and he is 
therefore restricted to the classifications that have been de- 
vised by the botanist and zoologist. Species, and genera, 
and families, and even what are called orders, may have 
become extinct, and others in the course of creation may 
have taken their places; still the great Scheme of Vitahty 
has ever been evolved according to a fised and determinate 
plan, and in harmony with this plan, and to the beat of 
their knowledge, botanist, zoolt^^t, and paleontologist must 
endeavour to conform their systematic arrangements. 

In speaking of fosail plants, therefore, the paleeophytologist 
adopts the usual classification of the botanist, placing where 
he can his foaails under their proper genera and orders, and 
where he CAnnot, assigning to them a provisional place next 
to the genus or order to which they bear the greatest resem- 
blance. In this course he uses the same botanioil terms, 
and employs the same botanical phraseology, and these may 
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mdered intelligible in i 
the annexed tabulations : — 

ThB VegetalilB Kingdom may be arranged into two gtanil divisioiiB — 
the CeUiVLAB and Vascular ; and thera again, according to their modes 
rfgrowtli and reprodnction, into the following groups and claases : — 
t, Ctu.ui.AR- — Without regular vesaels, but composed of fibres which 
and interlace each other. The Co^^ftrHF {gmea aenia- 
u aqnatic growths), the Lickeni (which incnist stonee and decaying 
the Fungi (or mnsbroom tribe), and the Alga (or eea-weeda), 
to this division. In some of these families there ore no ap- 
aeed-OTgana. From their mode of growth — Tit, sprout-like 
e of the same organ — the; are known aa Tballooenb or 
P^HFBiaEira, and conatitnte the lowest orders nf vegetation. 

.b veaaels which form organs of nutrition and repro- 

According to the arrangement of these organs, vascular 

I plants have been gronped into two great divisions —Crtptooamic 

(no visible Beed-organs), and pHANsnoCAUiC (apparent Bowers or 

seed-organs). These have been further subdivided into the following 

i^lasBCS — ascending trom the lower to tiie higher forms ; — 

1. Chtptooamh— Witbont flowers, and with no visible aeed-oi^fins. 

To this class belong the moaee, epiiitei-ami, fenu, and It/copa- 
(jiunu. It embraces many fossil fonos allied to these famiUee. 
From their mode of growth — viz.. Increase at the top or grow- 
ing point — they arc known as AcnoQENS. 

2. PttiSEBOaalno Momocottlkdosh— Flowering plants with one 

cotyledon or aeed-lohe. This class comprises the waier-tilUt, 
lUia, aloei, riuAct, graiMt, cana, and paliai. In allnsion to 
their growth by increase within, Uiey are texined Endodens, 

3. PauiBBoaAMlo GTMBOBPBKMa— Tliis class, as the name indi- 

cates, is fomiahed with Bowera, but has naked seeds. It em- 
braces the ct/cadece or cycaa and zamla tribe, and the cojiifera 
or fin and pines. In allusion to thdr naked seeds, these plants 
are also known Qthmoqenb. 

4. PHiNBRoaAjno DicoTYLEDOHB — ^Flowerlng planta with two 

cotyledons or seed-lobes. This class embraces all forest trees 
and shrubs— the compoiitix, l^aminoia, Knbell^feTa, crue^fira, 
and other similar orders. Done of the other families of plants 
have tie true woody structure, eioapt the cimiflnx or firs, 
which aeem to hold an intermediate place between mono- 
cotyledons and dicotyledons ; but the wood of theso la readily 
distinguished liom true dicotyledonous wood. Prom their 
mode of growth—incieoae by eitemal rings or layers— they 
are termed Exooens, 
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Subdiviiiiiig still further, according to tlieir moat marked 
characteristics, whethor external or internal, the botanist 
arranges all the known forma of Vegetable Life into some 
300 orders, upwards of 9000 genera, and about 120,000 
Bpecies. As the moat of these diatiiictions, however, are 
founded on the form and connection of the flower, fruit, 
and leaf — organs which rarely or never occur in connection 
in a fossil state — the palseontologiat is guided in the main 
by the great structural distinctions above adverted to, and 
not unfrequently by the simple but unsatisfactory test of 
"general resemblance." The flower and the organ of 
fructification may have perished, but still the form and 
venation of the leaf, the external sculpturing of the bark, 
the disposition of the leaves and branches, and the general 
mode of growth, may be preserved ; and from these, as 
well as from a microscopic examination of the lapidified 
tissues, the palaiophytologiat can for the moat part deter- 
mine, or at all events approximate to the determination of, 
liis fossil twigs und fragments. So certain, indeed, are the 
determinations of the microscope, tliat where good sec- 
tions can be procured, the competent observer rarely or 
Mrer fails to establish the great order to which the or- 
ongs ; and this, considering the difficulties 
imding palfeophytology, is a triumph of no meaa 
iption. 

-As the palaiophytologist, in arranging his fossil organ- 
■Wb, ia guided by the classification of the botanist, so the 
P*l*OMologist follows, as closely as the nature of his ob- 
JKts win permit, the systematic schemes of the zoologist. 
■oJid in tbia he has altogether an easier taak, inasmuch as 
*oinial oi^nisjns, from their less destructible nature, are 
^ genera! more perfectly and legibly preserved. The 
ierny and calcareous structures of zoophytes, corals, shells, 
""lala of Crustacea, calcareous tubes of annelids, chitonous 
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^ng-sheaths of insects, and the like, are well-known in- 
stances of this comparative indestructibility among the 
invertebrata ; while bony scales and scutes, horns, bones, 
and teeth are still more familiar examples, perhaps, among 
the vertebrata. In this way, partly by external form, 
partly by internal structure, and partly by the great anato- 
mical law of the co-relation of parts, the palsBozoologist is 
enabled to arrive at determinations more satisfactory, on 
the whole, than those of the palseophytologist. Species, 
genera, families, and even whole orders, may be extinct ; 
but, comparing his organisms with the existing, he finds 
their nearest affinities, and assigns them their place in the 
systematic arrangements of the zoologist. For this pur- 
pose the subjoined scheme is in general sufficient, and its 
study in this place will greatly facilitate the reader's com- 
prehension of what may be subsequently stated respecting 
the fossils of the different formations : — 

SCHEME OF ANIMJ5L CLASSIFICATION. 

VERTEBRATA, 

Or animals with backbone and bony skeleton^ and comprehending 

MAMMALIA, AVES, REPTILIA, and PISCES. 

I. MAMMALIA, or Sticklers; subdivided into Placental and Aplacental. 

1. Placental, bringing forth mature young. 
Bdiana {Two-handed)— Man. 

QuADBUMANA {Four-luinded) — Monkeys, Apes, Lemurs. 
OHEmoFTERA {Hand-vdnged) — Bats, Vampire-bats, Fox-bats. 
iNSEonvoRA {iTisect-eaters) — Mole, Shrew, Hedgehog, Banxring. 
Carnivoba {Flesh-eaters) — Dog, Wolf, Tiger, Lion, Badger, Bear. 
PnranPKDLA {Fin-footedy-^esXSf Walrus. 
RoDENTLA {OriaweTs) — Hare, Beaver, Rat, Squirrel, Porcupine. 
Edentata (Too^AZeM)— Ant-eater, Armadillo, Pangolin, Sloth. 
RuMiNANTiA Cud'Chewers) — Camel, Llama, Deer, Goat, Sheep, Ox. 
SoLiDUNGULA {Solid-hoofs) — Horse, Ass, Zebra, Quagga. 
Paohtdermata {Thick-skins) — Elephant, Hippopotamus, Rhinoceros. 
Cetaoea ( Whales) — Whale, Porpoise, Dolphin, Lamantin. 
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L, bringing forth ininmtiira young. 
Uasscfulu (fDiur^AJ)— Kangaroo, Opostum, Poached Wolf. 
MolTOTBiaiArA {One-seiilfd) — Ornithorliynchun, PoroupinB-aiit.aat8re. 

n. AYES, or BIHDS. 
RlfTDBBB {Siiitn) — Eagles, Falcons, HbwIis, Owls, Vnltur«a. 
JUBEBBOSze {Pa'aitri) — Jays, Crows, Finches, Sparrows, Thruahea. 
ScAHSORBS (ClimitTi)—WooApeckeis, Parrots, Parroqneets, Coukatow. 
COLiJioi.« (P^WOiu)— Common Dove, Turtle Dove, Ground Do™. 
KuoBEs {Sa-apenj—BBiaCoiil, Partridge, Grouse, Phaaaant. 
Cdbsobbb (Aimncri] — Ostrich, Emn, Apteryx. 
Qballatores ( TFoiJeri)— fiaila, Storks, Cranes, Herona. 
JTatatokeb {Sinmmeri)~Div&rs, GuUa, Dnoka, Pelicans. 

IIL RBPTILIA, flubdiTiiied into Reptilsa Proper and Batmohiaua. 

1. REPTTLEa PrOPKB. 

0HiLONiA.{rortoM«)— Turtles, Tortoiaea. 

LdbicaIa ICinieivd m(A Smfea)— Crocodile, Qavial, Alligator. 

SiBBiA (ZiBord*) — Lizard, Iguana, Chameleon. 

OFmuiA (Ssrpmta)— Vlpera, Snakes, Boas, Pythons. 

2. B&TRACaiAHS, or Frogb. 
Ahouiu (Tail-lea)— Tnid, Frog, Tree-Frog. 



IV. PiaCES, or FI8HES. 
Sflachu. {Cartilagino»t)—Chimieia, Sharks, Sawfish, Bays, 
OlNomEA (Bnmnel-teaiti) — Amis, BoDy-pilie, Sturgeon. 
TlLBOSTlA (/"er/erf-ioiwf)— Eels, Salmon, Herring, Cod, Pike. 
OroLOSTcmiTA (Cirrfe-m*uM»)— Lamprey. 
LtfTOOARDU (Slmder-i4arts)-^Ajnph.ioxaB. 



INTBETEBEATA, 

Or tuiiiuals void of backbone and bony skeletoD, and comprehending 

ARTICCLATA, MOLLDSCA, RADUTA, and PROTOZOA. 

L ABTIGULATA, subdividod into Articulatas and Vonnea. 

1. ARTicnLiTA, or Jointed Animals Proper. 

ImaOU (/iiMefj)— Beetles, Butterflies, Flies, Bees, 

XlBIAFDIiA ( JfoBj/'/ertt— Si^'opB^i^i Centlpudc?. 
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ARACmoDA {Spiders)— B]pideT8f Scorpions, Mites. 
Crustacea. (Crust-clad)— Cnjtsh, Crabs, Shrimps, Woodlice. 
CiBBHOPOOA {Curl-feet)— AcoTR-aheWB, Barnacles. 

2. Vermes, or Worms Proper. 

AsvEUDA {SnuUl-^ings) — Lobworm, and almost all the marine worms. 

BOTIFERA ( Wheel-hearers) — Rotifers, Hydatina. 

Gephtria {Intermediaies — tirclUn-liie) — Sipunculus, Echinnros. 

LuMBRiciNA (J^artA-tromw)— Earth-worms, Nais. 

HiRUDiNEi {Leeches)— Leeches, Branchellion. 

TURBELLARIA {Turhcllaries) — Planaria, Ribbon-worms. 

Helminthes {Out-worms)— Inteaiinal worms. 

II. MOLLUSCA, subdivided into Mollusca and Mollnscoida. 

1. Mollusca, or Shell-fish Proper. 

Cephalopoda {Head-footed) — Cuttle-fish, Octopus, Calamary, Nautilus. 
Pteropoda ( Wing-footed)— C^o, Hyalsea. 
Gasteropoda {Belly-footed)— Stl&Hb, Slugs, Whelks, Cowries. 
Acephala (Headless)— Oysi^TS, Mussels, Cockles, Shipworms. 
Brachiopoda (-4rm-/oote(i)— Terebratula, Lingula. 

2. MoLLUSCOiDA, or Mollusc-like Animals. 

TUKICATA (Coated, but S/uU-U^)- {^^^"^i^^^" ""^ ^^V°^ 

POLTZOA (Compound animuls)\ 

or >Flustra, Eschara, Plumatella, &c. 

Brtozoa (Moss-like animals) ) 

III. RADIATA, or ZOOPHYTES-Ray-like Animals. 

Echinodermata (Urchin-skinned) — Sea-urchins, Star-fishes. 

AcALEPHiB (Sea^nettles) — Jelly-fish, Beroes. 

Polypi (Many-feet) — Coral animals. Sea-anemones, Hydras. 

IV. PROTOZOA, or LOWEST-LIFE-Globular Animals. 

Infusoria (/»/tMom«)— Monads, Volvoces, Vorticella. 
PoRiFERA (Pore-bearers)— Bruges, Fresh-water Sponges. 
RmzoPODA (Root-footed)— Amceba., Polythalamia (Foraminifera). 

Such are the leading facts connected with the nature, 
history, and arrangement of fossils. Much more might 
have been stated respecting the positions in which they 
occur and the geographical conditions which they thereby 
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indicate, and a. more detailed account might have been 
given of tlie chemical theories of petrifaction ; but enough 
has been mentioned to convey to the reader a fair idea of 
what fossils really are,* how they are formed, and how in- 
dispensable their study ia to the right interpretation of the 
history of our planet. With thia preliminary knowledge he 
will peruse with greater zest and intelligence the Sketches 
that follow ; and he better able to trace through the aecend- 
ing stages of time that plan of vital development, the eluci- 
dation of which has conferred on modem geology its high- 
est interest and moat enduring attraction. 

Nor 13 it Geology alone that has benefited by the dis- 
coveries of the palteontologist. Botany and Zoology have 
also acquired new interest, and the whole study of Life 
assumed a broader and more philosophical bearing. Ee* 
stricted to existing forms, the biologist was often perplexed 
hy anomalies he could not solve, and for want of connec- 
tions he could not trace ; but now that Palaeontology has 
revealed its myriad forms, and exhibited a Scheme of Life 
ever ramifying, yet ever interblending in its remotest rami- 
fications, a clearer and steadier hgbt has been thrown across 
the path of his invcatigations. Even to the ordinary ob- 
server of nature, how much more exalted the conceptions 
of life which the science of palceontology imparts ! How 



* Fossils aiB Kimeljmes ftrraiigeii into the tbllowing ckasea -.—Firii, 
Um acboal substance ; leeondly, the gnhstancc replaced hy other eah- 
■tMuiei ; Ihirdlif, the coat or mould of the substance — and thia may be 
ijthar of the hard or of the aoft substance ; and, /ottrlhlg, those foeeflti 
vhidh are now generally called physiological impreBsions, such as toot- 
prints, beiag certain evidence of the animal having been there. Under 
whatever class they may be arranged, their preservation wil] depead 
partly on their own composition, partly on the nature of the stratum in 
which they are imbedded, and partly on the chemical changes to which 
QM stratniD may have been euhsequently subjected. The investigation 
of these particulars, however, belongs more to the professed palieaDtO' 
'it than to tha readers of general geology. 
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marvellous that, nmnerous and yaried as are the plants and 
animals of the present day, they foim but the merest frac- 
tion of those that have successivelj adorned the earth's 
surface, each succeeding age being characterised by its own 
special forms, ascending and still ascending in variety and 
complexity, yet all interwoven into one grand and har- 
monious Life-system ! 
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TliEKE is the ring of antiquity in tlie vety title of our sub- 
ject, imd yet old lis the Old Red Sandstone may ho, it ia 
roonger by immnmbered ages than the Lauientian, the 
Camlaian, and the Silurian. Those earlier sediments were 
Mnverted into hard and crystalline stiata, and upheaved 
mto dry land, long before it waa deposited, and in many 
"■"taaces they formed the bilk and precipices from wbich 
ito nateriala were derived. Its place in the earth's ohrono- 
Itgy will be seen at a, glance from the accompanying tabu- 
'»tioa ; but its interest as a formation ariaea less from its 
antiquity than from the fact of its being the first in which 
TpJtobmte remains decidedly occur, and from the cireum- 
'tance that ita history has been rendered oloasical by the 
'iboBra of some of our leading geologists. Hugh Miller'a 
'Olil Bed Sandstone,' Agaasiz' Monograph of its fossil 
""Im, the investigations of De la Eeche, Murchison, Pan- 
*", Hiudey, the American States surveyors, and others, 
We all contributed to this result; and during the last 
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twenty years there are few systems whose names, at least, 
have been more familiar to the ordinary reader. But since 
Agassiz elaborated his mono^ph, and Miller penned his 
sketches, more extensive information has been obtained, 
and it is the object of the present chapter to display that 
newer knowledge in an intelligible and attractive form. 

Arranging the rock-formations of the crust in chronolo- 
gical order, it will be seen that the Old Eed Sandstone 
holds a middle place among the palaeozoic or primeval : — 

Quaternary or Becent, . . > Cainozoio. 

Tertiary, .... J {Recent Ltfe.) 

Cretaceous or Chalk, . . ^ mesozoic. 

Oolitic or Jurassic, . . V {MiddU Life.) 

Triassic — Upper New Red Sandstone, / 

Permian — Lower New Red Sandstone, ^ 

Carboniferous, ... I PALiBOZOiO. 

Old Red Sandstone and Devonian, | {Ancient Life.) 

Silurian, .... J 

Cambrian, . . . . \ Eozoio. 

Laurentian, . . . ) {Dawn Life. ) 

It does not belong to the very oldest, whose rocks have 
been rendered crystalline by metamorphism, and whose 
fossils have been sorely obliterated, but it is still very an- 
cient, and hence the interest that attaches to its old-world 
forms, the outlines of which and their habits of life the 
pen of the palaeontologist can for the most part restore. 
The composition and origin of its strata are, generally 
speaking,, of easy determination. Conglomerates that were 
once pebble and shingle beaches ; sandstones and flagstones 
resulting from shore-formed sands; concretionary and coral- 
line limestones chiefly of animal origin; and shales and 
marlstones, the consolidated muds of the deeper waters. 
Here and there we have bituminous shales, partly of animal 
and partly of vegetable impregnation ; and at still wider in- 
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tetvols thin scams of cool, \iko those of Giispi^ in Canada, 
which seemed to have resulted from the growth and drift of 
terrestrial vegetation. Wherever it omutb its sedimentary 
character ia BTifBciently apparent, and though frequently 
intersected by dykes and eruptive masBea of haaolt and fel- 
stone, its stratified arrangement ia never wholly obliterated. 
The interstratifications of volcanic ash and igneous over- 
flowa obBerTable in the Silurian system, and so frequent in 
the Carboniferoua, are rarely witnessed in connection with 
the Old Red Sandstone, as if the period, in the north of 
Europe at least, had been one of comparative internal 
quiescence. The system occupies considerable areas in 
Europe, Asia, Africa, and both Americas, and is chiefly of 
marine formation, though in some districts the total absence 
of shells and corals would lead to the inference of fresh- 
water conditions.* 

We have said that the system occupies extensive areas 
both in the Old and New World, and as no two rivers carry 
down the same kind of debris, and no two seas receive ex- 
actly the same kind of sediments, there will be considerable 
diversity in the character of its rocks — that is, in colour, 
composition, and arrangement. !Not only so, but as the 
system is often of great thickness (12,000 feet or more), 
there had been oscillations of the crust or new distributions 
of sea and land during the long period of its deposition, 
and thus its lower, middle, and upper portions differ even 
in the same region, and sometimes lie unconformably upon 
each other. It is for this reason that geologists speak of 

• If the Old Red Sandatono of BPotUnd be of urnrino origin, it aeema 
i&MpUcalile wliy DO seo-Bhell, coral, or other zoophyte should have yet 
twMl dotected ia any of its strata. NiunerouB oa its fishes BJid cmstacea 
ttudonlitsdlj' an, nnd gigantic as some of them may appear, they may 
have been inhabitants of eetuariea or fresh-watEr seaa ; and thongh the 
general beUeF leans towards oceanic oonditiona, we ate atill without un- 
iluble proofs lo support it. 
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the « Lower Old Red," the " Middle Old Red," and the 
" Upper Old Red," — each series difFering not only in the 
composition of its strata, but in the chaiacter of its fossil 
contents. But whatever its variations, there is, throughout 
Europe at least, a marked prevalence of reddish-coloured 
sandstones and slaty shales ; hence the name '^ Red" in 
allusion to this colour, and the term " Old" because it 
lies beneath the coal-measures, and in contradistinction to 
another series of red sandstones (the New Red) that lies 
above them. The system is also frequently termed the 
" Devonian," because a portion of it is well developed in 
Devonshire — a term chiefly introduced by Sir Roderick 
Murchison, to harmonise with his geographical nomencla- 
ture of Silurian and Permian. So much for name and 
mineral composition ; let us now try to catch a glimpse of 
the physical conditions under which it was deposited, and 
the kind of life that peopled the land and waters. 

Beyond a few scattered indications of the ancient distri- 
butions of sea and land, geology can obtain no more. One 
formation is so frequently overlaid by portions of later for- 
mations; so many portions have also been removed by 
waste and denudation ; and perhaps still greater expanses 
are hidden by the ocean, which covers nearly three-fourths 
of the earth's known surface, that we can merely indicate 
by disconnected patches the seas in which they were de- 
posited. In the case of the Old Red Sandstone, which 
occupies considerable areas both in the Old and New Worlds, 
we cannot trace either the extent or configuration of its 
seas, but we catch occasional glimpses of their shores in the 
conglomerates which must have formed their pebbly beaches, 
and in the worm-trails and burrows, the crustacean tracks, 
the rain-prints, and sun-cracks on the surface of the sand- 
stones which must have then spread out as shallow and 
alternately exposed sands. Strange revelations these of the 
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—the ripple of the receding tide, the wind- 
ing trail of the flhell-flsh, the burrow and sand-caat of the 
sea-worm, the patter of crustacean foot, the pittinga of the 
rain-Bhower, and the irregular Bhrinkage cracliB of tho sun- 
baked Bboro-mud. And yet, as surely as these phenomena 
are witnessed on the muds of existing sea-creeks, so surely 
were they impressed on the shores of the Old Ked Hand- 
stone, were dried and hardened by the sun, covered over by 
newer Bedimenta, and thus preserved through all time as 
evidences that nature's operations have been going forward 
much in the same way from the remotest of periods. But 
dear as these physical evidenooa are of the nature of the 
Old Eed eea-shore, there are facte connected with the great 
extent aud thickness of the pebbly (we may say bouldery) 
conglomerates that are not so easy of explanation. We 
know that in many parte of the world there ai'e vast peb- 
bly and shingly beaches, and that in some instances the 
rounded blocks are hundreds of pounds in weight; but 
there is something so peculiar iu tho aggregation of the Old 
Eed conglomerates, with their striated pebbles, their icre- 
gular imbcddinga of fine-grained sandatones and the like, 
that they suggest the idea of masses floated and packed up 
by shore-ice, and perhaps to some such condition their eaor- 
mons accumulations may yet be ascribed.* Be this aa it 

" Bavaral years sgo we appended the following note to a chapter on 
Ibe Old Red Saadatona (' Post and Freaent Life of the Otobe'), and see 
to WMOU yet to obengo our opinion : — Whoever has eiamined tho boul- 
dary looglamemteij of tha Seattinh Old Bed, with their largo irregular 
Uoclu, their pecnliac unaasorted aggrBgation, the nature of the cement- 
ing matrix, and the frequent " nestingB " oi interlanmiBted patches of 
fins ugillaccoiia sandstone, must have liad su^^^tcd to Ms mind tha 
Id«a of ice-action. And this notion must have been strengthened when 
hs tamed to the aandstonea, and foiuid them imheddlng angulac frag- 
toenta of rock, ahale, and even clay, which conld scarcely liava anflered 
transport unless enqloaed in drifting i( ' ~ 
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may, its usual sandstones, flagstones, slaty shales, clayey 
marls, and concretionary limestones are true water-formed 
strata, and we perceive in their numerous alternations and 
varying compositions the recurrent sediments of open and 
free-flowing seas. 

But if the mere lithological composition of its rocks can 
thus throw light on the geographigal conditions of the Old 
Red Sandstone period, much more are we aided by a con- 
sideration of its fossils — the plant-life and animal-life that 
peopled the lands and waters. Wherever it has been exam- 
ined, the flora appears to be of a lowly character — sea-weeds, 
marsh or rush-like plants, dubmoss-like twigs, fronds of 
ferns, and less evidently, perhaps, drifted fr*agments of 
coniferous trees. We thus get a glimpse, as it were, of 
rocky weed-covered beaches, low marshy river-banks, of 
shady nooks and comers where fern and clubmoss luxuriate, 
and of higher uplands fitted for the growth of coniferse or 
pine-like trees. So far as known in Europe, the plants of 
the Old Red generally appear in detached and drifted frag- 
ments, and rarely in such abundance as to form a bitumi- 
nous or coaly shale ; but in Canada the thin seams of coal 
discovered by Dr Dawson would indicate not only a greater 
luxuriance, but even land areas on which they grew and 
died till the accimiulated masses were sufficient to form suc- 
cessive layers of pure and crystalline coal. This is all that 
we learn of the dry land of the period from the vegetation 
that clothed it. We know nothing of its extent or configu- 
ration, nothing of its hills or valleys, of its lakes or rivers, 
and are only left to infer from the nature and amount of the 
stratified sediments that the latter must have been both 
large and powerftil. No true terrestrial creature — ^insect^ 

probable, though Tequiring for its final demonstration a mnch more pro- 
tracted and ciureful examination than the seyeral phenomena have yet 
received from geologists. 
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reptile, tird, or maimnai — has yet "been detected in its Btrata ; 
and all that we know of its fawna ia strictly aquatic, and 
in. all likelihood marine. 

This fauna of the waters differs, of coursej lite the exist- 
ing fauna, in different seas ; but viewing the whole, and 
taking tlie entire range of the system through its lower, 
middle, and upper diTisioas, we have illuatrations of the 
following zoological orders :— Corals, encrinitea, and sheUa 
occur abundantly in tie limestonea of Devonshire, but 
wmilar organisms are altogether absent from the red aand- 
stones of Hereford and Scotland, and to a great extent also 
from the strata as developed in the north of Europe. 
"Whether this has arisen from some peculiarity in the sea- 
bottom, or, as has been suggested, from the Scotch beds be- 
ing chiefly of freah-water origin, has not been satisfactorily 
det«nuiiied ; but the fact stands undoubted that up to the 
present time no trace of a coral, an echinoderm (etar-fish or 
encrinite), or a shell-fiah haa been detected in the Old Red 
Sandstone of Scotland. With what portion of the Scottish 
beds the Devonshire strata may have been contemporane- 
ously deposited haa not yet been determined ; but clearly 
it was not with tie lower flagstonea and bouldery conglom- 
erates of Perth and Forfar. The Devonian corals and en- 
crinites imply waters of genial temperature ; the bouhlery 
oonglomeratea the reverse : and in all likelihood the two, 
though classed under the same system, were chronologically 
separated by ages.* But while the coral-building zoophytes, 

• TluH is not, periaps, tlie place to enter into the question of co-ordi- 
nation ; bat ■we cannot refrain from repeating our conviction, expressed in 
18S6, that the terra "Devonian" can never be legitimately substitatBd 
forthat of " Old Red SandstonB." We have eismined the strata of Devon- 
ihiie tiom north to aouth and from east (o west, and instead of finding 
the eqnivalenta of the Scottiah Old Ked vre discovered in the Kortheni 
dlTJiian one set of rocka that flhould be ranked with the lowennost Car- 
boniferous, and in the Southern another that was perhaps contBmporane- 
001 with portions of the middle and upper Old Bed. At nU eventa, the 
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the encrmites, etar-fiah, aad ehell-flsli aeem thus to have 
had a partial (lietribution ia the waters of the period, the 
annelids or wonns, the crustacea, and the fishes abounded 
throughout, and this in numerous and varied spedfic aspects. 
TraJle and burrows occm- in every division of the system, 
from mere thread-lite windings on the surfaces of the strata 
to biirrowH in the sandstones as thick as a man's aim ; and 
Crustacea (trilobitea and eurypterites) throng cBpecially the 
lower division in strange and often gigantic forms. Indeed 
the huge lobeter-like forms of these eurypterites — -miryptena, 
pierygotue, anAetyloniirus — with their long segmented bodiee 
void of appendages, and their broad carapaces, like the Hng- 
ciab's, with limbs and jaws beneath, are characteristic fea- 
tures of the Old Red fauna, Eanging from three to six feet 
and upwards in length, with their toothed prehensile claws 
and oar-Uke swimming feet, no crustacean form has since 
equalled them in size, though few, perhaps, are more rudi- 
mentary in their structure. Like moat articulated animals, 
these Crustacea seem to have been readily dismembered by 
decay,hence their lirabs and aogmenta are frequently detached 
and scattered; and yet so wonderful has the preservative 
process been, even in the midst of dismemberment and de- 
cay, that their egg-packets, or masses of spawn (known as 
Parka def.ipiens, from ParkhiU in Fife, where first detected), 
are common throughout the lower flagstones. How imper- 
ishable the record, could we only lay it bare, that nafcuie 
keeps of her bygone aspects and operations ! 

rockE of Devonflhire as a, whola do not rapreBent tha Old Red Sandstone of 
SiKitland, of Northern EuiDpe, and N^orth America m a whole ; and benoe 
the inappropriatencsa of Bemniaa as a, snbatitute for the eailier and 
more descriptive term Old Red SaadsUme. The designation may yet be 
fonnd to be an apptoprialfi one for a sot of formationfl that apparently 
lie between the true Old Red and the Carboniferons proper ; bnt to em- 
ploy it aa aynonymous with wliat was orieinally imderatood as the Old 
Red Bandstona syatem ia, in our opinion, an error and misapplication. 



FOSSIL Floba asd fauna. 137 

^'Strange and gigantic, however, as are these early crusta- 
ceans, they are comparatively recent discoveries and but lit- 
tle known, and it is chiefly through ita foaail fishes, their 
nnnibera, variety, and beauty of preservation, that the sys- 
tem has become the subject o£ popular interest and investi- 
gation. As might be anticipated, these fishes difiei consid- 
erably in the difi'erent portions of the system — those of the 
lower being chiefly small or moderate sized, covered with 
minute enamelled scales, and Vory generally armed with fin- 
spines ; those of the middle portion, again, being fewer in 
number but lai^er in size, and protected by broad sculptnred 
scales or plates ; while those of the upper zone, though still 
covered with enamelled scales, assume mora the character 
of ordinary fishes, both in their size and configuration. 
Throughout the whole, the bony enamelled scales and 
plates (the exo-skeleton of anatomists) is tlie prevailing 
feature, and all without exception are characterised by the 
heterocercal or unequally-Iobed tail — the upper lobe extend- 
ing in a bold and prolonged sweep, as in the existing sharks 
and dog-fishes. In Britain the great repositories of Old 
Red fishes have hitherto beea the lower shales of Forfarshire, 
the lower and middle flagstones of Caithness and Cromarty, 
the middle sandstones of Moray and Eanif, and the upper 
yellow sandstones of Dura Den in Fifeshire. In some of 
these localities they are crowded together in shoals, with every 
fin and scale in place as if overtaken and entombed by some 
sadden catastrophe ; and we have seen a slab about the size 
of an ordinary writing-table, raised in Dura Den, with up- 
wards of fifty individuals upon it, belonging to five separate 
genera, and varying in length from ten to thirty inches.* 

* At the inslaticfl of the Britiuli AaaociutiaD, and under the anperin- 
tondence of the late Dr Auderson. or Newburgh, and the Author, this 
and numerous other slahs of nearly equa.1 riclineaa were iiiised from 
Dura Deu ui 1860 and 18B1 ; and could they hare been rendered readily 
poriablo, alaba of double theae dimBoaiona, and with treble tlie number 
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It would be out of place in a sketch of this nature to 
enter into technical details, but it may be mentioned as of 
some value, and not difficult of comprehension, that the 
fishes of the lower zone, with fin-spines and minute lozenge- 
shaped or but slightly-rounded scales, are known by such 
names as acanthodes (spiny), cheiracanthus (fin -spine), 
dipldcanthua (double -spine), isnacanthus (slender- spine), 
parexus (ladder -spine), and so forth, in allusion to the 
character of their spines ; that those of the same zone 
having the head enclosed in a bony shield or series of 
plates, are named cephalaspis (buckler-head) and pterasput 
(buckler -wing); that those of the middle zone having 
their bodies enclosed in a bony case, somewhat like the 
living trunk -fish, are known as coccosteus (berry -bone), 
and pterichthys (wing-fish) ; while those of the same zone 
with ordinary scales and fins are spoken of as osteolepis 
(bony-scale), dipterus (double-fin), and diploptencs (twin-fin); 
and that those of the upper zone, with their variously sculp- 
tured scales and head-plates, are known as holoptychivs (all- 
wrinkle), glyptolepis (carved -scale), glyptolcemus (carved- 
throat), and other such names, having allusion to some well- 
marked and obvious distinction. There is nothing very 
puzzling in the names once their meaning has been explained 
and the objects to which they refer have been examined. 
Indeed the local names for the living fishes of our own 
coasts are often as puzzling and far less euphonious. Gro to 
Cornwall and you hear one name, cross to Lincoln and you 
have another; proceed to Fife and you hear a third, or north- 
ward to Wick and you have a fourth — all requiring ex- 
planation, and, till explained, as unintelligible as the much- 
vituperated technicalities of the palaeontologist. 

of specimens, could have been easily obtained. The genera were chiefly 
Holoptychius, Glyptolepis, Phxmeropleuron, Olyptolcemiu, Olyptopomiu, 
and Pteridhthys. 
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B Beyond fiahea, we know for certain of no lilglier life liur- 
ing the period of the Old Eed Sandstone. It ia true that 
remains of reptiles and reptOian footprints have been found 
in the sandatones of Lossiemouth and Cnmmingstone in 
Morayshire, hut there are doubt* about the ^e of these 
strata — whether they be truly uppermost Old Eed, or be^ 
long perhaps to the New Ked or Triassic. In this state of 
Tmeertainty it raay be generalised (provisjonally, of course, 
and having this doubtful instance fully ia view) that the 
-jU/ra. of the Old Ked period, scautily and ohacurely de- 
veloped, consists mainly of sea-weeds, marsh-plants, club- 
tnoBses, ferns, and coniferous-looking trees ; and that ite 
fauna, on the other hand, taking all the divisions of the 
system as known in Europe and America, consists of corals, 
enctinites, star-flshes, polyzoa, shell-fish, Crustacea, and fishes. 
We have thus no insects, no undoubted instance of reptiles, 
no tirds, no mammals, !No doubt the record is imperfect, 
and it cannot for a moment he supposed that geologists in 
the few scattered patches they have examined have detected 
all, or nearly all of the Old Eed Sandstone organisms. In- 
deed, the existence of those already discovered necessarily 
implies the presence of others on whom they preyed, or by 
whom they were in turn preyed upon ; and the links we 
have discovered in the chain of life, separated as they are, 
prove the existence of the missing ones as clearly as if they 
had been displayed before us. Still, notwithstanding all 
these facts and logical inferences, the fiora and fauna of the 
Old Red Sandstone curiously coincide in the -rnxm with all 
that geology knows of the chronological development of life 
on our globe, and we perceive in its discovered forms the 
graduaUy-ascending steps in the great systemal scale of 
vitality. 



Such is a brief r 
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period during which vertebrate life made its decided appear- 
ance on our planet, and during the continuance of which 
several new distributions of sea and land were effected. We 
say new distributions of sea and land, for there is no other 
way of accounting for the differences that exist between its 
lower, middle, and upper portions without supposing that 
they were deposited in seas of different depths, and in seas 
that derived their sediments from different directions. And 
as these varying distribuions of sea and land necessarily 
imply variations in climate aud external conditions, we can 
readily perceive how the plants and animals of the lower 
portion differ from those of the middle, and these again 
from those of the uppermost division. Nature is incessant 
in her operations, and while the system of Waste and Ee- 
construction, described in our Sketch No. 2, endures, new 
distribution of sea and land will be brought about in the 
course of ages, varying conditions of climate will be effected, 
and under the new conditions, some plants and animals 
will shift their ground, some will flourish more luxuriantly, 
and others again become altogether extirpated. But this is 
not all : under these ever-varying conditions, and as time 
rolls on, some forms of life seem to run their appointed 
course and die out, and other and newer forms, in the 
course of creation, seem to make their appearanca It is 
thus that some forms of life are peculiar to the Old Eed 
Sandstone — that is, do not occur in earlier systems, and are 
not found beyond the close of the period. Many forms of 
coral, several genera of shell-fish, some trilobites, the gigan- 
tic crustaceans, pterygotus and stylonurus, the cephalaspis, 
pteraspis, coccosteus, pterichthys, and other fishes, have 
never been detected beyond the limits of the Old Eed' for- 
mation. They came in during the system, and died out 
before its close ; thus implying not only long lapses of 
growth, and reproduction, and decay, but an onward march 
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that creative process by ■which the world has been 
peopled by different and higher races during the advancing 
periods of its geological history. How wonderfnl this newer 
knowledge of life which geology imparts ! how marvellona 
the ever-ascending yet never-completed scheme of vitality 
it reveals I To our forefathers the life of the present era 
was but a repetition of the life of former ages ; to us the 
life of the present is but a passing aspect, differing from the 
thousand aspects that went before, but inseparably bound 
up with them in one great scheme of ever-varying yet ever- 
widening d 



Such once more is the Old Eed Sandstone, a system that 
owes ita interest much more to its scientific than to its 
economic importance. Indeed, with the exception of build- 
ing-atones used for local purposes, some indifferent lime- 
stones, and paving-flags, such as those of Caithness and Forfar, 
there are no roots of any commercial value among its strata ; 
and the only accidental minerals we are aware of are oc- 
casional poorish veins of galena, veins of baryta, salt springs 
like those of North America, and the pebbles of agate, 
camelian, and the lite (Scotch pebbles), obtained from the 
amygdaloidal ttap-rocka that traverse the system. Its chief 
interest centres round its fossil fishes and crustacea, euh- 
jecta rendered popular now more than twenty years ago by 
the writings of Hugh Miller and Agassiz, and still attracting 
attention by the newer forms that are year after year made 
known by the labours of younger geologists.* And surely 
what geologists are labouring to reveal, the man of ordinary 
intelligence may make some effort to comprehend and en- 

• Wb allude ill purtiiular tu the labours of ProfesEor Pander among 
Qie Old Ked liahes of RHSsia ; ths nunieroua diecoTeries of new cnista- 
ceans and fiahea in the flagatonea of Forfarahire tiy Mi Powria ] and 
the long-continncd observations of Dr Gordon lunong iha aanilstonea of 
Hony and Boss-sliire. 
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joy. It must indeed be a dull and incurious mind that 
cannot be induced to take an interest in the history of the 
world he inhabits, and to trace in its formations the record 
of operations which took place, and the nature of beings 
that lived and died, thousands of ages before the human 
race was created to become participators in the same ever- 
varying and ever-advancing scheme of vitality. Astronomy 
may be a loftier theme, but the loftiness of its topics only 
renders them the colder and more remote. Geology, on the 
other hand, has ever an immediate and human interest. 
The Earth's Past is inseparably interwoven with, her Pre- 
sent ; that which now lives is intimately associated in plan 
and relationship with that which lies fossil in the rocks 
beneath us; this plan has been steadily evolving during 
untold ages ; man's own history is but part and parcel of 
that plan ; and surely whatever tends to exalt our concep- 
tions of creation can never tend to weaken our reverence 
for the power, wisdom, and goodness by which it is directed 
and sustained. 
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There is no mineral in the ciust of the earth more essential 
to modem civilisation than coal, and there is, perhaps, no 
geolo^cal teclmioality more frequently made use of than 
" Coal-formation," and yet how few have a rational or in- 
telligent conception of either 1 Every man and woman in 
the Britiah Islands is less or more acquainted with the ordi- 
nary aspects of coal and its uses, and yet not one in a hun- 
dred, perhaps, could give the commonly received esplanation 
of its nature and origin. Moat people are aware that coal 
IB obtained by mining in rocks known as the Coal-forma- 
tion, and yet how few know anything of the nature of 
these rocks, how they were aggregated, or by what means 
coal was formed along with them ! It is true that men of 
science have their differences about these things, as they 
have about many other matters ; but these differences are 
for the most part trivial, and do not affect the general belief 
either as to the nature of coal or the processes by which it 
was aggregated. It is to state these beliefs in a simple and 
intelligible wuy that we attempt the present Sketch, and 
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our main object will be to exhibit the points upon which 
geologists are generally agreed, rather than to distract the 
non-scientific reader with the minutisB upon which some of 
them stilt continue to differ. 

What is coal 1 is a question more satisfactorily answered 
by a little roundabout explanation than by a direct reply. 
To say that coal is altered and mineralised vegetable matter 
is true ; but the definition is too curt to be readily intelli- 
gible. Every one knows something of peat and peat-mosses ; 
well, this peat is simply coal in its first stage of develop- 
ment. Were the peat-moss submerged and covered over 
by deposits of mud and clay and sand, it would in course 
of time undergo important chemical changes, by which 
part of its gaseous contents (oxygen, hydrogen, &c.) would 
be discharged, and the mass reduced to a compact coaly 
substance known as lignite or hrcywn-coal. Such brown- 
coals are abundant in many countries (Germany, Austria, 
New Zealand, &c.), and worked for economical purposes; 
and were they subjected to still further changes they would, 
in course of ages, become converted into shining stony coals 
like those which are now raised so largely from the coal- 
fields of Great Britain. The truth is, coal occurs in the 
earth's crust in every stage of development, from the peat- 
mosses and swamp-growths still in process of accumulation 
on the surface, down through the tertiary brown-coals to 
the bituminous stone-coals of the secondary and primary 
periods, and from these again down to the stni older non- 
bituminous anthracites and graphites. All, in fact, have 
had a similar origin. They are mere vegetable masses that 
have undergone different degrees of mineralisation — the 
recent vegetable full of volatile matters, the lignites less 
so, the bituminous coals giving off smoke and flame, the an- 
thracites barely smoking, and the graphites masses of piure 
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debitumenised carton. They are all coala, and belong to the 
same lamily — those in the younger forniationfl still retaining 
much of their vegetable stmcture and full of volatile matter, 
■while those in the older formations have eeemingly lost all 
traces of structure, and have been all but deprived of their 
volatile constituente. But even where no structure is oh- 
vioua to the naked eye, it can generally be rendered apparent 
by submitting thin transparent elicea to the microscope. 
By this means the vegetable origin of the most compact and 
glistening coal is often revealed aa clearly aa the tissues in 
living plants, and thus the observer is enabled to determine 
not only the organic nature of the mass, hut the botanical 
peculiarities of the order concerned in its formation. 

Since coal ia thus merely altered and mineralised vegetable 
matter, and since vegetation must have flourished more or 
less during every period of the earth's history, there most 
be coals of some kind or other occmring in every geological 
formation. It may appear more abundantly and more 
availably in one formation than in another ; still, believing 
in the uniformity of natui^e's operations, we must be pre- 
pared to admit its presence in every stratified system, and 
not to r^rd it, as was at one time done, as a product 
peculiar to the Carboniferous era. Arranging the forma- 
tiona in chronological order, we have their coals, or rather 
the coal family, associated with them in something like 
the following conditions : — 

QnBtenmi7, Peau. 

Tertifuy, Lignilei. 

CretBceoua, Lignite) and Coalt. 

OoEtic Coal: 

New Bed Baudatone Coali. 

CarljoaiieroiiB, Coali and AiMnKUei. 

0!il Red Sandstone, CoaU and Anihraeitu. 

Bilurianj AnIkTaeila. 

CBjnbrian, ^nihracitaattd Orapliitei, 

Laiucotian, OrapKiiii, 
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It is true tliat in tlie older formations we liaye but a very 
scanty exhibition of coaly substances, and it is equally true 
that hitherto the most extensive developments have been 
found in strata of Carboniferous age ; but it is nevertheless 
the fact that coal-fields of great value occur in the oolitic 
and cretaceous rocks, and that brown-coals are common in 
almost every tertiary district. It may render the Subject 
more intelligible and attractive if we take the fontiations 
seriatim — beginning with the recent and apparent, and 
working down through the older and more obscure. 

The coals of the present day are the peaVmosses, the 
swamp-growths, and the vegetable drifts borne down by 
rivers and deposited in their estuaries. We have no means 
of ascertaining the extent or thickness of vegetable drifts, 
though some, like the " Rafts" of the Mississippi, are of con- 
siderable thickness and extent; but we know that large areas 
in all the temperate and colder latitudes are occupied by 
peat-mosses and swamp-growths — the lake region of N'orth 
America, Canada, the Southern States, Siberia, N'orthem 
Europe, Denmark, Holland, and our own islands.* These 
are often of great thickness, and date from the growth of 
the current year to the very dawn of the Quaternary epoch; 
loose and turfy above, firm and peaty a few feet down, 
and at greater depths black and dense as some varieties of 
lignite. Indeed, we have seen varieties of Dutch peat taken 
at 30 feet deep indistinguishable from some lignites ; and 

* We have no reliable statistics of the extent and thickness of peat- 
mosses either in Europe, Northern Asia, or North America ; but in the 
recently published Report on the Geology of Canada by Sir William 
Logan, a number of details are given, from which we learn that upwards 
of 300 square miles of that country are occupied by peat-mosses varying 
from 3 to 30 feet in thickness. If such be an approximation to the 
amount of peaty surface in the surveyed portion of Canada, the amount 
in the whole of British North America, Northern Europe, and Northern 
Asia, must be something enormous. 
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all that seeioa necessary to convert tliein into true brown- 
coals are the cover and pressure of auperincumbent strata, 
and time sufficient to eEfect those further chemical changes 
to which lignites and hrawn-coals have been generally sub- 
jected. We see, therefore, in the compressed vegetable 
matter we call j)ea(, and which has been formed by the 
growth and decay of certain plants* during many cen- 
turiea, the first stages of coal, and when we come to ooa- 
Biderthe older formations, wo shall find that many of their 
coal-seams have had a aimilar origin. And just as this peat 
is sometimes earthy and mingled with stony matter that has 
been washed into the swamps and hollows by rains and 
rivers, so we may expect some of the old coals to contain 
aunilar impurities, and to be less valuable as fiiel. 

The next and older series of coals embraces the lignites 
ta wood-coah, the hrmttn-coah and board-coals of the Ter- 
tiary strata. As these names imply, their woody or v^e- 
tahle texture is still apparent, and they are generally of a 
brown or earthy hue, compared with the black and glisten- 
ing lustre of the coals of the older formations. Alternating 
with clays, marls, sands, and gravels, they have evidently 
been formed partly in fresh-water lakes and swamps, and 
partly in areas that have been submerged and covered over 
by marine deposits. In some instances they are earthy, 
and composed of the drifted trunks and branches of trees ; 
and in others the submerged and fallen forest-growth can 
be traced as cleariy as it can be in some of the shallower 
peat-beda of Scotland. Most of these lignites, whether as 
once worked at Bovey in Devonshire, or as still worked in 
Gennany, Prusaia, Austria, Kew Zealand, and other coun- 
tries, may be described as coal in its second stage of 
eonsolidation and mineralisation. In the mine they are 
• 8«B Sketch entitled " fieeant FonuatiOM," 
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soft, full of water, Bud easily cut ; and when brought to 
the surface, dry and break np, and soon cramMe down 
under the influence of the weather. They are also less 
regular in their bedding than tho older coals— thictening 
and thinning capriciously; but in some instances their 
bedding is regular and continuous over considerable areas, 
and their quahty is so much improved that they are scarcely 
distinguishable from ordinary coal. One remarkable in- 
stance of this kind, the Zsil volley in Transylvania, waa 
visited in 1862 by Professor Ansted, who found not lig- 
nite, hut coal differing little from some varieties of "Fngliali 
coal, lying in regular beds of great thickness, and alternat- 
ing with shales, ironstones, and grits. Of course, all the 
vegetable accumulations of the Tertiary system are not 
precisely of the same age, nor have they been deposited 
under the same conditions, and thus we may expect to find 
differences among them, just as among the coals of the oldec 
formations. And hence it happens that some of these 
lignites are scarcely fit for pottery or brick-kiln purposes, 
while others (certain compact and lustrous varietieB) Bie 
advantageously \ised for locomotive engines and for metal- 
lurgical operations. 

Although seams of lignite are occasionally found in the 
Cretaceous and Oolitic systems, yet, generally speaking the 
Secondary strata — the Chalks, Oolites, and New Red Sand- 
stones — -are characterised by the presence of true coala. 
The seams may not be continuous over extensive areas — 
that is, may thicken and thin somewhat capriciously — ^bnt 
still mLueralisation of the mass is complete, and wo MO 
presented with bituminous coals of varying commercial 
value. Such Secondary coal-fielife occur at Brora and 
Whitby in Britain ; at Fiinf kirchen and Oravicza in Abb- 
tria; at Burdwan, Kerbndda, and other districts ia In- 



in Burma, Borneo, and Labuan; in New Zealand; 
Natal in South Africa ; Vancouver Island, and British 
Columbia; at Eichmond in Vii^nia; and in all likelihood 
in other districts that have not yet been aufficientlj sur- 
veyed. These coaJa, so fer as they have been geologically 
examined, have been accumulated precisely like the peat- 
I, Bwamp-growths, and vegetable-drifts of the present 
day. Some have evidently grown in gitu, and acoumvdated 
in great thickness and purity for ages ; in others the growth 
has been interrupted by overflowings of the water, and 
earthy layers are not unfrequent in the mass; while in 
others, again, the mass is bo irregular in thickness and 
composition, that it at once recalls the idea of drift and 
heterogeneous deposition Whatever the thickness or 
composition, they are true bituminous coals, thus disprov- 
ing the belief which was generally entertained some twenty 

r five-and-twenty years ago, that all true coal was a product 
of one geological epoch only, and necessarily belonged to 
the Carboniferous formation On this point we can offer 
nothing more convincing than the following extract from 
Sb Charles Lyell's description of the Eichmond coal-field 

1 Virginia : — " These Virgtman coal - measures are com- 
posed of grita, sandstones, and shales, exactly resembling 
e of older or primary date in America and Europe, and 
they rival, or even surpass, the latter in the richness and 
thickness of the coal-seams. One of these — the main 
team — is in some places from 30 to 40 feet thick, com- 
posed of pure bituminous couL On descending a shaft, 
800 feet deep, in the Blackheath mines in Chesiflrfield 
county, I found myself in a chamber more than 40 feet 
high, caused by the removal of the coaL Timber props, 
of great strength, supported the roof; but they were seen 
to bend under the incumbent weights. The coal is hke 
B Snest kinds shipped at 2fewcastle, and when analysed 



yields the sainB proportions of tarbon and hydrogen — a 
fact worthy of notice when we consider that this fueL has 
been derived from an rwsemblaga of plants very distlnal 
specifically, and in part generioally, ftom thoao which have 
TOntributi<<J to the fonnation of the ancient or patooario 
coal." 

" It is tnie, howBTer," eaya one of the most eiperienocd 
and practical of British geologists (Professor Ansted^ 
"that the great coal-fields of England, of Belgium, of 
Spain, of France, and of North America, besides thosB of 
Bohemia, Moravia, and the Rhine, of Russia and China, 
and probably of Australia, holong to the oldest or paheoioic 
rocks, and that for some reason that may perhaps be better 
understood at a future time than it now is, these depoaits 
are mote regular, more uniform over large areas, and in 
that sense more to he depended npon, than those of newer 
date." * In other words, they belong to the Carboniferoaa 
system, that great series of limestones, sandstones, shalH, 
ironstones, and coals, which has hitherto yielded the mtdn 
supplies of mineral fuel, and to which Britain owes so 
much of her mechanical superiority and commercial great- 
ness. Aa this system will form the subject of a separata 
8ket<?h, we need only here ohaerve that ita coals occur ia 
many seams, of every thickness, from a few inches to forty 
feet ; of all degrees of purity, from earthy maasea liat 

* There can bo no donbt tbat the diSereace liere alludsd to hu arlsoi, 
partly fVoni the pecuhiir diBtribution of sea aod land dorlog the CarbOD- 
iferons era, which permitted arer extensive arena a moist, genialj uul 
eqnablB climate, and partly fram the pecoliar character of the vegefation 
or the period, which bbbidb to have been at once of rapid growth and of 1 
bind eminently fltted for preservation. Physical conditions like a moist, 
genial, ami equable climate may ncor in the course of natnra, but tlie 
Life of each geological system is peculiar, and vanishes with the ptriod 
to which it belongs. The Carboniferous flora disappeared vdtb its epooli i 
and no flora equally fitted for the formation of coal haa since recnriei m 
may ever again recur in the progreasional coulse of creation. 
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on scarcely be ignited, to clear bitmuinous aeams that 
bum. leaTing scarcely a trace of aahea ; and fitted for 
erery ecoaornical purpose — liousebold fuel, gas-making, 
<nl- distillation, stoam- raising, smelting, and metal-work- 
ing. Like other coals, the thickest, the pureBt, and most 
continuous aeams have evidently grown and accumulated 
in eita; those imbedding stony and earthy layers have 
been iuterrupted in their accum-ulation ; and others, again, 
less regular and continuous in thickness and mingled 
more with extraneous impurities, have apparently been 
formed of drift and water-lc^ged vegetation. In lakes, 
in estuaries, and along great shallow sea-reaches, the flora 
of the Carboniferous era flourished for ages, the laud now 
sinking, now rising, but on the whole subsiding, to receive 
the vast thickness of sediments which compose the system. 
Bead in the light of what is now taking place at the present 
day, there is nothing abnormal or pretematimd in the 
Coal-formation, and we behold in its various coals merely 
the peat - growths, swamp - growths, jungle -growths, and 
TEgetable-drifta of the period, compressed and mineralised 
dnrii^ the lapse of ages. The caking-coals, splint-coals, 
tannel-coalfl, and anthracites or stouo-coals of the miner are 
merely different expressions of this mineralisation or meta- 
iDorphiam — different conditions of deposit, as rapid covering 
up, exposure to decay, nature of vegetation, and compact- 
tiess of overlying strata, all affecting the ultimate quality 
of the coaL If much earthy matter has mingled with the 
vf^table mass during its aggregation, the coal will be stony 
«nd impure ; if the vegetable mass has been rapidly covered 
up by retentive muds and clays (now converted into shales 
sad fire-clays), the coal will likely be soft and highly bitu- 
ininoufl; if the superincumbent stratum be open and porous, 
W as to admit the escape of volatile matters, the coal will 
in all likelihood be hard, dry, and leas bituminous ; and if 
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tbfi vegetable moae Ims undergone extreme chemical change, 
or has, as a coal, been subjected to the heat of igneous rocks, 
it will less or more bu deprived of its gaseous elements and 
converted into an anthracite. And thus, and thus onty,cao 
the great variety of cools occurring in the paheoioic coal- 
fields of Europe and North America be eatislactorily ac- 
counted for. 

Beyond the Carboniferoos Eystem coals become me and 
comparatively unimportant. It is true that in some di»- 
tricto we cannot fix any very sharp line of demarcation 
between the Coal-formation and the Old Red Sandstone, bnt 
generally speaking the two systems are sufficiently distinct, 
and it is curious that up to the present time no coal-seams 
of any thickness have been detected in the latter. Indeed, 
with the exception of some insignificant bands described 
by Principal Dawson as occurring at Gaapfi in Canada, the 
Old Rod San<lstone is altogether barren of coal, though 
vegetable fragments ore acattered_in some abundance through- 
out its shales and fl^tones. In the SUurian and more 
highly metamorphosed Cambrian and Laureotian strata we 
have thin bands and irregular patches of anthi'acite and 
graphite ; but though these are generally ranked with the 
coal family, their vegetable structure has been so obliterate 
that we cannot say whether they have been formed from I 
t«rreatrial or marine vegetation, or indeed whether graphite 
is always certainly of organic origin. 

Here, then, we perceive that Coals, or minerals of the 
Coal Family, occur in all formations, from the accumnlations 
now going forward on the earth's suifece down through 
every stratified system, whether belonging to tertiary, second- 
ary, or primary epochs. From peat we pass to lignite, from 
lignite te true coal, from coal to anthracite, and irom anthra- 



cite to graphite. All are but compressed and chemically 
altered massea of v^etation, the slow fermentation or dla- 
tillation of which results in the gradual expulsion of the 
gasBoua or volatile portions, and in the retention of the 
carbonaceous or coaly residue.* The following tabulation 
exlubits, proximately, thia gradation of chemical change by 
■which wood is converted into peat, peat into lignite, lignite 
into coal, coal into anthracite, and anthracite into graphite; 

iAliir.) Carbon. Hydrogin. Oxvgtn. Jftoivm. ^"J^"*" 

Wood. 48-54 0—10 35-45 

Pert 6S— 66 6— 9 18—33 2—1 1— « 

UgDite. 56—70 3—7 13-27 1—0 1—13 

Coal 70-02 2—6 1—8 0-2 3—14 

AnthracitB 74— S4 1—4 0—3 trace 1— 7 

Gtaphit« 80-98 ... ... ... 1- 7 

Hero it will be observed that the gaseous substances, 
hydrogen and oxygen, so abundant in recent wood and 
peat, gradually diminish as the mass becomes more and more 
mineialised, till at length they disappear and leave in con- 
•eqiience a gradually-increasing residue of carbon in the 
troe Goala, anthracites, and graphites. Like all mixed rocts, 
however, coal presents itaelf in many varieties. We can- 
not conceive of vegetable matter (whether drifted or grown 

* According to M. Fram}', the foUoiring ara the degrees of alteration 
Of woody tiBsne : 1. Turf and Ptai. — CharacUriaed by the presence of 
nluic aoid, and also by the woody fibrea or the cellules of the medullary 
nifi, wllich may be pmiSed or extracted in notahle qoantitiea by meani 
of nitric ooid or bydmchloritea, in wtiich they ai« insoluble. 2. FoaU 
Wood or Woods ii^ni'e.- Thia, liko the pieoeding, ia partially Bolnble 
in alfcsUea, bnt its alteration ie more advanced, for it ia nearly whoUy 
diasolved by nitric aaid and hydrocliloritas. 3. Compact or Pa-fed Lig- 
«iM. — Thi* BubWancB is characterised hy its complete solubility in hydro- 
chloiltM and in nitric acid. Alkaline solutions do not in general act on 
puftal lignitaa. Eeagants in thia variety shew a passage of the oti!Bnlc 
matter into coal. 4. CocU. — Insoluble in alksliue solutions and hydro- 
chlorltea. 5. Antknteite. — An approximation to graphite ; ceaiats the 
ruigeDtB whicli act on the atiove-meDtioned combustibles, and is only 
•Glad on by nitric aoid with extreme alowuess. 
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in situ) being associated with sedimentary strata without 
its being mingled more or less with the earthy impurities 
of these sediments. These impurities, according to their 
amount, must necessarily confer on different coals different 
structures, different aspects, and different qualities. Be- 
sides, varieties will also arise £rom the conditions of the 
vegetable mass ^itself, according as it may have been im- 
bedded while freah or been long exposed to atmospheric 
decay, according as it may have been suddenly covered up 
or long exposed to maceration and comminution in water, 
and notably also according to the nature of the plants 
composing the mass. These varieties, according to their 
structure, texture, and qualities, are generally known as 
cahing-coaly which is soft and tender in the mass, like that 
of Newcastle, and swells and cakes together in burning; 
splint or slate coaly which is hard and slaty in texture, 
like most Scotch coals, and bums free and open ; cannel or 
parrot coal, which is compact and jet-hke in texture, spirts 
and crackles when thrown suddenly on the fire, but when 
ignited bums with a clear candle-Uke flame, and jfrom its 
composition is chiefly used in gas-manufacture; and coarse, 
foliatedf or cubic coal, which is more or less soft, breaks up 
into large square blocks, and contains in general a large per- 
centage of earthy impurities. Between these varieties there 
is, of course, every gradation — coals so pure as to leave only 
one or two per cent of ash, others so mixed as to yield from 
ten to thirty per cent, and many so impure as to be unfit 
for fuel, and so to pass into sTiales more or less bituminous.* 

* As bituminous shales are now so extensively mined for the distillation 
of paraffin^ it may be of use to advert to some distinctions that subsist be- 
tween them and the coals properly so called. A coal, though often contain- 
ing a considerable amount of earthy impurity, consists chiefly of vegetable 
matter, or, in other words, carbon is its prevailing ingredient. Where 
the earthy or mineral ingredient greatly exceeds the organic, it becomes 
xmfitted for combustion, and is regarded merely as a carbonaceous stone, 
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^Traidea these varietiea, founded chiefly on mineral charao- 
ters, it is also oustonuiry to distin^sh coals according to 
the purposes for which they eeem beat Buited, or to which J 
they are moat frequently applied ; hence we hear of household J 
coals, fumacK coals, smithy coals, steam coals, gas coals, oU ] 
coals, and similar distinctions. I 

We have thus occurring in the cruat of the earth not 1 
only a great yaiiety of coaly anbatancea, but also coals of 
different aspects and qualities occurring in the same geolo- | 
gical formation. The causes of these diiferences are, in 
general, sufBciently obvioua ; — age, and the amount of chemi- 
cal chaise to which they have been subjected ; the amount 
of earthy impurities commingled with thera during their 
aggregation and deposition ; the nature of the plants com- ■ 
posing the hulk of the mass ; the amoiuit of decay which 
the vegetable mass had undergone before it was finally ] 
covered by other atrata; and the porous or retentive nature 
of the strata between which it ia imbedded. All theae and i 
other eausea have tended to create the differences that now 
exist among the different members of the Coal Family — the 

of wiich clay, sand, and the like form the main proportion. The term ' 

iliale, on tbe other hand, refers to Btruuture rather than to compoaitioa, ] 

and 1b something that splits up or pieli i^ in thin layers or liiminaa. Host I 

consolidated muda aro characteriaed by this quality of splitting or break- ] 

ing op in thin leafy layers parallel to thsir bedding ; hence shales may be ] 

regarded aa consolidated muds, and may be distinguished as calcareons, ] 

arenac^us, or hitmninous acc^irding to their predormnating ingredient, 1 

Bitiuninana shslea, thereforo, have been mere vi^otable muds^-their rich- j 

ness, like those of the coals, dependii^ upon the amount of organic matter I 

end the conditions under which it was preserved. Ejome shales ma; be tis I 

bituminous as some poor varieties of cual, but this does not entitle them I 

to be ranked as coals, any more than an excess of earthy matter in a hard ] 

stony coal noold entitle it to be called a shale. The terms refer to etmc- I 

ture lather than to composition ; and though it ia tme that the shaly or ] 

leafy structore is almost invariably characteristic of the earthier iugre- ] 

dlent, yet it must ever be bome in mmd that botli shales and coals are ] 

mizviZ rofiti, and that uot unfrequently the one may pass into the other j 

, .1)]F iiuenslbU gradations, | 
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gmpliitea and aiitlitacit«a bnrniiig like charcoal, vi^SS^ 
emoke or flame ; the ordinary bitaminotis coals buming with 
TSTTing degrees of smoke and flame ; the lignites burning 
widi stifling odour, and expelling much watery rapooi and 
smoke ; and the peats scarcely combustible till dried in the 
8un or by hydraulic pressnie, and then burning with little 
flame but with much smoke and their own peculiar odour. 
Bat whatever their pecaliaritiea in these respects, they aio 
all h^hly important substances, and stand along with iron 
as the most valuable that human inJustry obtains from the 
crust of the earth. Indeed, the coals are altogether indis- 
pensable to modem civilisation, the peculiar mechanical 
phases of which are mainly of their own creating. So long 
as man depends upon the forests for his fuel, hia masteiy 
oyer the metals is limited, and his mechanical appliances 
restricted. But when he has once learned the uses of coal, 
and can obtain it in fair supphes, his metal-working powera 
expand, and his forges, factories, steam-engines, steam- 
ships, gas-works, railroads, and electric telegraphs become 
the necessary developments of this new acquirement. Once 
acquainted with these and similar appliances, man takes his 
stand on a higher platform, gains new ascendancy over the 
forces of nature, and overcomes in a great measure the ob- 
stacles which time and space oppose to his operations. 

Where and at what time man first began to employ coal 
as a fuel is unknown. The Chinese and Japanese have 
evidently been long acquainted with its nses, but their 
chronology is uncertain. The Hindoos, Egyptians, and 
other Oriental nations never seem to have searched for 
any variety of mineral coal, but laboriously prepared wood- 
charcoal for their metallurgical processes. The Greeks and 
Romans were acquainted with its properties, thoi^h th^ 
appear to have seldom employed it, and this on the most 
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iited scale.* In our own country some ancient crop- 
■WOTfcings, mth stone hammers and hatchets atill remmning, 
date back perhaps t^ the Eoman invasion, and " coeJ" ia 
mentioned in Saxon records of the ninth century; hut it 
was not till the twelfth and thirteenth centuriee that the 
Talne of the suhatance began to be fairly recognised. And ' 
in connection with these facts it ia a circumstance worth 
noting, that no savage race has ever yet been discovered , 
that seemed to be aware of its nature and uses. It may 
crop out aloT^ the ravines and aea-oUffa, as it does in ' 
Korth America, in Eastern Africa, in Farther India, i 
Australia and N"ew Zealand, hut the savage never bends [ 
to dig while the twiga and branches around him can he 
broken. The use of certain minerals and metals are, : 
truth, as satisfactory testa of man's progress in civUiaation 
as the cultivation of certain plants or the domestication of 1 
certain animals. The possession of the one may I 
crease his comforts ; a knowledge of the other invests him, | 
with new and higher powers. 

As a nation we cannot exalt too highly the importance of 
OUT coals and coal-flelds. Our mechanical, manufacturing, 
Rnd commercial greatness is intimately bound up with their 
exlBtence ; and whatever tends to disseminate a 
of their nature, to develop their resources, or 
their products, is worthy of our encouragement and atten- 1 
tion. CommerciaDy, we may have no immediate interest 

• It is thus referred to by Theojilirastua, a Greek author, who wrote , 
about 240 years B-O. ;— " Tlioae fosaile subataneas that are called Coala, , 
■nd are broken for use, are earthy ; IJiey kindle, however, and bum 
like wood coala. These are fonnd in Liguria, where there abo ia amber, 
and in EUb in the way to Dlympias over the mountaiuii. These ace used 
by the smiths."— Sir JoA» HiCCi Traiiilalioa, 1774. Tho Ligorian coal 
would appear, from its connection with aniher, to lisve been lignitis ; 
the Oiympian coal, now being worked by a modern uomiiany, ia bitnmin- 
OBi and of older date. 
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in the substances called cocds^ bat indirectly every man is 
less or more indebted to their applications ; and it must be 
a dull or indifferent mind that cannot be induced to take 
some interest in products to which his country owes so 
much of her power and greatness, and himself so many of 
the comforts and amenities he is daily enjoying. 




Thb reader who has perused the precetiiiig aketah, ivill have 
seen that coal is a product of every geological epoch, from 
the peat now accunmlating on the carth'a surface down 
throagh the lignites of the tertiary, the true coals of the 
Becondary, and the harder coals aud anthracites of the pri- 
mary periods. But though thus occurring in all stages of 
the earth's history, it is in the so-called " Carboniferous Sys- 
tam " that it appears in numerous seams, in many varieties, 
»nd in great thickness and continuity over extensive areas. 
It is &om this old system that Britain, France, Belgium, 
Boffiia, China, Australia, and the United States of Ame- 
Bdft obtain their main supplies ; hence the familiar terms 
"Coal-Formation" and "Coal-Measures," as if it were the 
only series of coal-yielding strata in the crust of the glohe. 
In Britain it generally rests on a series of reddish aand- 
rtoaes, and is in turn overlaid by another series of red 
■udfltones ; the former being naturally des^nated the 
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" Old Red," and the latter the " New Bed," by the sys- 
tematic geologist. It thus holds a sort of middle place in 
chronological classification, being yonnger than the Cam- 
brian, Silurian, and Old Bed systems, and older by far 
than the Chalks, Oolites, and New Bed Sandstones. Its 
position is well defined, and may be seen at a glance in the 
following sequential arrangement : — 

Cainozoic ( QnatemaTy or Recent. 

{Recent). \ Tertiary. 

( Cretaceous or Chalk. 
^J!f/T 1 Oolitic or Jurassic. 

{MiddU). { TTia88ic-(Upper New Red). 

f Permian — (Lower New Red). 
Carboniferous— The Old Coal-Msasubes. 
Old Red Sandstone and Devonian. 
Silurian. 

Eozoic r Cambrian. 

(Dawn.) \ Laurentian. 

It is to these palaeozoic or ancient coal-measures, in con- 
tradistinction to all others, that we direct the present 
sketch, dwelling more especially on their geological aspects, 
and only incidentally alluding to their industrial applica- 
tions and importance. We say " incidentally alluding ; " 
for their building-stones, fire-clays, alum-shales, limestones, 
ironstones, and coals — the labour and skill expended in 
mining them, the innumerable uses to which they are ap- 
plied, and their bearings on the industrial and social condi- 
tions of a people — are subjects which of themselves would 
require the consideration of half-a-dozen sketches. 

Perhaps the most intelligible way of treating any geolo- 
gical system, is to consider it first as a Rock-formation, 
second as a Life-period, and third as an Economic reposi- 
tory. In this way we get an insight into the nature of the 
strata of which it is composed, and the agencies concerned 
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r aggregation; into tho character of its fossils, wliicli 
( tlirow light on the geographical conditions of the 
d; and, finally, into its indnstrial value, as bearing on 
R ■wants and progress of civilisation. Adopting this me- 
ire find the Carboniferous aystem composed in the 
if sandstones, shales, fire-clays, ironstones, limestones, 
3 coals, all many times alternating with each other, and 
in some districts attaining to a thickness of 12,000 or 
14,000 feet. Of course, during the deposition of such a 
vast thickness of strata, and wliich necessarily implies the 
lapse of long ages, there must have been frequent changes 
in the relative levels of sea and land ; and hence some of 
these sediments were laid down in deep and others in shal- 
low water, while the shallower beds were once more sunk 
to greater depths, and overlaid by newer sediments. In 
this way the Carboniferoua system consists, in most regions, 
of several series of strata, and in the British Islands these 
■e generally arranged and named as follows : — 



1. Upper or true ca&l-meaaures. 

2. MiUstone grit or sandstone eerlee. 

3. Carbonifercms or mountain limestone. 

i. Lower coBl-mDoaniGs oi carlioniferous shalea. 



Although these several series have evidently been depo- 
waters of various depths and under somewhat dif* 
MBnt geographical conditions^the lower being apparently 
More estuarlne, the mountain limestone being more marine, 
"le millstone grit more littoral, and the upper more tetres- 
Iri'ai— still there is a great family resemblance, so to speak, 
wtween them, and, with the exception of the coal-seams, 
•Mj are all strictly sedimentary, and bear in their stractuie 
•"d texture abundant evidence of tho aqueous agencies con- 
•^med in their formation. In the sandstones and grits — 
^^ ripple-marked, rain-pitted, and worm-burrowed — ^wfl , 
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trace the sands of open and exposed shores ;* in the shales 
and fiie-clays and ironstones, the mnddy deposits of deeper 
waters; and in the limestones, which also Yary much in 
composition and character, the shell-beds, the coral-growths, 
and zoophyte drifts, both of the brackish estuary and of the 
outer ocean. Of course, among sediments so varied we 
may expect to find every degree of admixture — sandstones 
pure, quartzose, and compact; sandstones flaggy, laminated, 
and clayey ; and sandstones calcareous and coaly. Shales 
so purely argillaceous as to be termed fire-clays, shales cal- 
careous, shales bituminous, and shales so sandy as to pass 
into flaggy sandstones. So also it is with the limestones; 
some so pure as to contain scarcely a trace of earthy matters, 
and others so mingled with earthy impurities as to be alto- 
gether unfit for economical purposes. The ironstones, too, 
which were merely the ferruginous muds of the Carbonifer- 
ous sea (chemically aggregated by the union of the carbonic 
acid given off by decaying vegetation, and the iron held in 
solution in the waters), appear as " clay-bands " or clay- 
carbonates, as " black-bands" mingled more or less with 
coaly matter, or as stony impregnations too poor to be 
worked to advantage. 

Respecting the coals, which we separate from the strictly 
sedimentary beds, there are also many varieties both as to 
composition and structural peculiarity. Where the vege- 
table mass has evidently accumulated on the spot, as peat- 
moss, swamp-growth, and forest-growth, the seam is generally 

* Several of the tliick-bedded sandstones of the British coal-fields have 
evidently arisen, in the first instance, from .^lolian or wind-blown sands, 
like those that form the " links " and " dunes " of the present day. 
Their whole internal arrangement points to this mode of aggregation, 
though they have, of course, been subsequently submerged and planed 
down on their upper surfaces by the action of water. Illustrative ex- 
amples may be seen along the eastern shores of Fife, and especially 
between Crail and St Andrews. 
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ipread over a conaiderftble area, with great r^u- 
larity as to thickness and quality. Surprise haa been ire- 
quently espressed at the uniform thickness which many 
coal-Beama maintain over extensive areas. Growth of the 
vegetable maaa in situ is no donht the main cause, but we 
must not lose sight of the fact that, when in a semi-plaatic 
state of hitumiiiisatioa, the pressure from above would have 
a tendency to spread out the seum, and insenaihly equalise 
its thickneaa. On the other hand, where interruption to 
this growth has taken place either from periodical inun- 
dationa or otherwise, the seam containa layers of earthy 
ma,tter, and is more or less impregnated throughout with 
toch impurities. Again, where tlie seam has arisen from 
drifted vegetation, it is still leas regular in thickness, and 
often BO earthy and impure as to pass into a bituminoua or 
coaly shale. These bituminoua or coaly shales, now coming 
BO largely into use in the Scottish coal-fields for the distil- 
lation of parafBn and paraffin oil, are indeed of very vari- 
OUB origin and composition. Some of the richer sorts are 
merely compressed and mineralised vegetable muds that 
liave arisen from long maceration and decay; others, during 
this long decay in shallow water, have got so largely mingled 
with the remains of minute erustaceans (cyprides, &c.), as 
to be partly of animal origin ; * and aome again of the poorer 
Borte are little else than thick clayey silts, irregularly intor- 
teingled with vegetable and amimal debris. In this way 
■ tiie various purities of coal can be readily accounted for, 
*liiIo difference of mineral aspect and quality may have 
•risen partly from the nature of the vegetation, partly from 

* One of tliB moat ramarknble we have ciomined ia the " Grey Shale" 
I flf Wert Caldur, raiaed for the Extensive paraiHn works of Mr Young, 
I Mid which derives its name from the colour imparted to it hy the cal- 
of these minute orgonisraa. In soma places the Benm, 
Jt is apwarde of two feet thick, is literally a mass ol these ntautaa. 
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the rapidity with whieh it was entombed, partly from tie 
porouH or retentive character of the imbedding etrata, and 
partly also from the degree of mineralisation the respective 
seams have undergone. Hence tho soft caking codU, which 
fiise together in burning ; the hard, alaty, gplini coaU, which 
bum dry and open; tho coarse cabtc eoaU, which also bum 
open and leave much earthy ashes ; the compact, luatrous, 
cannel coah, used cliiefly in the making of gas, and other 
varietiea well known in one or other of our British coal- 
fields. There is no groat difSculty, we repeat, in aecoont^ 
ing for the vmetiea of palteo^oic coals, if we only maka 
allowance for difference in the nature of the vegetation, in 
the modes of its accumulation, the length of time it was 
exposed to maceration and decay, the retentive character of 
the covering atraium, and the intenaity of mineraJisBtion 
which these different conditions would induce. Of comM, 
all this imphea long ages of growth and decay, repeated 
emergence and submergence of the land, but in the main a 
gradual aubsidence to permit that vast accmnulation of sedi- 
ments — sandstones, shales, ironstones, and limestones, to 
the thickness of many thousand feet — which constitute the 
bulk of the Carboniferous system. 

Besides the strictly sedimentary strata, the coal-measDM 
are also in some districts largely made np of igneous pro- 
ducts, which intermingle with them as masses of basalt and 
greenstone, beds of trap-tuff, and other vulcanic discharges. 
Of course, those discharges must have taken place in or 
near the seas of deposit, — now as overflows of lava, now a 
showers of ashes, and again as the mingled products of vol- 
canic eruption. Just as insular and submarino volcanoeB 
are at the present day mingling their eruptive matters witli 
the sediments of the adjacent seas, so in the old coal period 
similar agencies were at work, and the results are now llw 
intemtratified greenstones and trap-tuffs, the bent and 
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tured strata, and the fiUing-up of the rents and fisBurea 
with igneoua Eock-matter. Wo say " interstratifiod green- 
stones," for some cibseirers apeak of " intrusive green- 
stones," aa if^ during the vulcanic paroxjsme, such igneons 
rocks had been forced for miles in every dirootion between 
the separated strata ) There are, no doubt, intrusive massea 
among the strata of every formation, but these are general- 
ly limited in extent, irregular in form, and bake or harden 
ftlike the immediately underlying and overlying beds. The 
interstratified greenstones, on the other hand, affect only 
the strata on which they rest, and to regard such wide- 
epread lava-like sheets aa intrusive, is eiinply an absurdity. 
Indeed, almost every feature of the vxUcanism of the period 
has been perfectly preserved to ua, and the imagination has 
little difBoulty in recalling the broad bays and eatuaries of 
the Carboniferous ocean, atudded with their cones and 
craters of eruption — here ejecting showers of dust and 
ashes, there discharging flooda of molten roek-matter, and 
ever and again the whole shaken and fractured by earth- 
qoake energy and convulsion. Part of this vulcanism was 
csontemporaneous with the deposition of the sediments, as 
proved by the interatratified greenstones and trap-tuffs, 
bnt part also happened long anbaeiiuent to the solidifica- 
tion of the strata, as seen in the faults and dykes of 
injected matter that intersect the whole thickness of the 
F^rstem ; but whether contemporaneoua or long subsequent, 
it forms one of the most remarkable features in the coal- 
formation, engaging the closest study of the geologist, and 
axercising all the ingenuity of the miner and engineer. 
If the reader could picture to himself the diatriet in which 
he resides fractured by earthquake convulsion — here a 
portion thrown many fathoms up, there another portion 
thrown many fathoms down, and the rents between filled 
with sohdificd lava — he would have before him precisely 
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the appeaiance presented by the "upthrows and down- 
throws/' the *' fiEinlts and dykes " of many coalrfields, and 
especially of those of the Scottish Lowlands. 

Composed, like other systems, partly of stratified sedi- 
ments, and partly of nnstratified masses which were the 
volcanic products of the period, the Coal-measnres present 
no great difficulty as a Bock -Formation, and few of its 
strata have undergone much metamorphiam or internal 
change, unless where in contact with igneous eruptions. In 
its stratified rocks we perceive the obvious sediments of 
seas, lagoons, and estuaries, the relics of shell-beds and coral- 
ree&, the vegetable growths that accimiulated for centuries 
in swampy morasses,* flourished in the virgin forests, or 
tangled rankly in the river-jungle ; and in its unstratified, 
the eruptive mass, the molten overflow, and the frequent 
shower of dust and ashes. Interrogated as mere rock- 
masses, they expand overflow after overflow, and stratum 
upon stratum, like the leaves of a mighty volume, and tell 
of gigantic rivers and estuaries, of shallow seas, tides, and 
ocean-currents, of low-lying continents and volcanic arclii- 
pelagoes, of shell-beds and coral-reefs, of vegetable growth 
and vegetable drift, of rains that fell, winds that blew, and 
suns that shone and gladdened the face of nature even as 
they do now. Of all this, and much more, these coals and 
sediments bear abundant testimony; and interesting as it 
must ever be to the educated mind to trace back the unity 

* A curious proof of the morass or swamp-growth of many of our 
coal-seams, is to be found in the narrow winding "wash-outs " by which 
they are frequently intersected. These " wash-outs " of the miner are 
stream -like courses from which the coaly matter has disappeared, its 
place being taken by stony substances. They have been clearly runnels 
or water-courses that threaded their way through the swamps, and 
thereby prevented the accumulation of the vegetable matter, just as at 
the present day our peat-mosses are cut into channels by the streams 
that may drain their surfaces. 
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and continuity of the phyaical agencies that mould and n 
dify the face of natiire, that interest becomes immeasuralily 
enhanced w^hen we associate the results of theae old-wodd 
operations with the necessities of the present, and trace in 
them an ohvioua provision for the social and intellectual 
advancement of man. 



"We come next to consider the Carboniferous system as a 
life-period, and though there must necessarily be consider- 
able differences between the fossils of its respective divi- 
aiona — carboniferous shales, mountain limestone, and coal- 
measures — yet in a sketch of this kind the aim is more 
an outline of the whole than the consideration of specific 
miuutis, which can only be appreciated by the professed 
palseontologist. Perhaps the most remarkable feature of the 
period is its Flora — a flora remarkable not only for its vast 
exuberance, but for the peculiar character of its plant-formSj 
which bear, in most instances, but a faint resemblance to 
those of the present day. This vegetation is for the most 
peat converted into coal, but here and there, scattered 
tlironghout the shales and sandstones, we find leaves, iruits, 
stems, trunks, and roots, which indicate its nature, and 
from these the botanist must construct the aspects of the 
carboniferous flora. Sea-weeds, marsh-plants like the equiae- 
tums, reeds, and rushes, a vast variety and exuberance of 
gigantic ferns and clubmosses, pine-Hke trees with their 
leaves and cones, and a still greater number perhaps which 
cannot be assigned to any existing order, may be said to 
Constitute the bulk of the coal vegetation. Fragmentary, 
and converted into coaly or stony matter, the botanist has 
no easy task in reading these old-world forma, and all that 
he can in many instances do, is to trace a resemblance mid 
give a name founded on some external peculiarity. It is 
for this reason that we find in lists of carboniferous plants 
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such namoB as calamites (reed-lito). equisetites (equisetum- 
like), lycopoditea (clubmoaa-like), sphenoplerig (wedge-leaf 
fernX neuropterU {nervtv-leaf fem), hptdodendron (scaly- 
bark tree), hotkrodendron (pitted tree), and so forth, all 
pointiiig to some obvious feature wLicb. distinguishes them 
one fironi another, Imt throwing very little or any light on 
their tme botanical affinities. But whatever their atrict 
affinitjee, we know that most of them belonged to the lover 
orders of vegetation — the horsetails, ferns, and clubmosses, 
the graases, sedges, and rushes, the cycada and pine-trees, 
or perhaps more properly to extinct forms that stood inter- 
mediate, as it were, between these various orders. Though 
lowly in organisation — and moat of them wero undoubtedly 
BO— they seem to have occupied large areas of the earth fin 
ages, and to have grown in rank luxuriance, till in numer- 
ous instances their accumulated masses form seams of coal 
from a few inches to many feet in thickness. 

"When we turn to the Fawia of the period, we find 
throughout the same variety and the same numerical ahna- 
dance, though, of course, certain forms are more abundant 
in one portion of the system than in another. These forma, 
too, are chiefly aquatic — fresh-water, eatuarine, and marina; 
there being few terrestrial species yet discovered, and these 
only at wide intervals and in few localities. Beginning with 
the lower forms, we have a number of minute foraminiferal 
organisms, and a vast exuberance of corals and encrinites, 
so vast that beds of the mountain limestone, hundreds of 
feet in thickness, are almost entirely made up of their 
remains. There are also trails, bmrows, and tubes, that 
indicate the existence of marine annelids ; abundance ti. 
crustaceans, some minute and bivalved like the cypiis, a 
few species of trilohites, and others like the king-crab, and 
of lai^e dimensions. The polyzoa or tlustra-like organianis 
occur too in great variety, scattering their netted ceila 
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through the shaloa and limGstoncs ; and ahell-flsh of eyeiy 
known order — bivalve and univalve, deep-sea and shore 
dweller — occur throughout the entire system, though moBt 
abundantly, of course, in the marine beds of the mountain 
limestone, Kahee of many forma ore like\vise abundant, 
especially in the lower series of the system, their sliining 
enamelled scaleB, predaceous teeth, and defensive fin-spines 
being scattered through the sbalea, ironstones, and lime- 
Btones. Many were large and shark-like, their palatal teeth, 
jaws, scales, and fin-spines indicating lengths from twelve 
to eighteen and twenty feet, and bulky in proportion. Being 
chiefly cartilaginous, their bodies have in most inBtances 
utterly disappeared, and only their teeth or enamelled fin- 
spines remain to testify to their existence. Wo have seen 
hundreds of teeth and spines from a single layer of black- 
band ironstone, and yet no other vestige of the fishes to 
which they belonged, not even a patch of scales in juxta- 
position, to indicate their affinities. Higher than fishes, 
reptiles also make their decided appearance, most of them 
aquatic and fish-like in form, though a few ascend to true 
laoertilian or terrestrial Bpecies. Of the terrestrial faima of 
the period we know httle ; but the insects, land-enaUe, and 
reptiles of arboreal habits, which have been found in cer- 
tain coal-fields, were surely not the sole inhabitants of the 
carboniferous islands and continents, and we may safely 
look forward to the discovery of other and higher forma of 
which these were the necessary congeners. Even while we 
write, the announcement of several new genera of reptiles 
from the coal-field of Kilkenny gives additional encourage- 
ment to this expectation, and all that seems necessary to 
its fulfilment is merely more minute research and more 
Mwfal examination on the part of paleontologists. Indeed, 
wlion we consider the diiiiculty of preserving terrestrial 
wganigmg, how much they are subjected to waste and de- 
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cay, and how few are necessarily washed down into estuaries 
and seas of deposit, it is wonderful to learn that such fiB,- 
gile remains as those of insects, land-shells, and tree reptiles 
should have been saved fix)m destruction. And surely, if 
larger and stronger forms had existed, the hope may be in- 
dulged that they too have been preserved, and will one 
day or other be detected. 

Such is a hurried glance at the life of the old Carbonifer- 
ous period, and more especially as displayed in the areas of 
Europe and North America, where mining operations have 
been most extensively conducted. Whether these extensive 
coal-fields were all contemporaneous is a subject open to 
question. Indeed, the probability is that they were not 
strictly contemporaneous, but merely belonged to a great 
cycle of the earth's history characterised by these coal- 
forming conditions, and in the main by the sames fecies of 
plants and animals. But however this may be decided by 
future and more exact inquiry, we perceive in the mean 
time a wonderful similarity all over the old coal-measures, 
and an exuberance of life that has never been excelled dur- 
ing any subsequent epoch. To account for this exuberance, 
especially in the vegetable world, various hypotheses have 
been advanced, such as a greater proportion of carbonic 
acid in the atmosphere, the greater amount of heat derived 
in those earlier times from the interior of the globe, a 
general lowering of the land-surfaces, and a higher temper- 
ature over the coal-yielding areas arising from some change 
(inclination of the earth^s axis or otherwise) in the astrono- 
mical relations of our planet. In the present state of our 
knowledge and belief in the stability of the earth's planetary 
relationships such hypotheses are inadmissible, and we are 
driven to seek for the solution in the then distribution of 
sea and land, the climate thereby produced, the natiir^ 
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the vegetation, of whicli we as yet know too little, and the 
long continnance over the same areas of the same external 
conditions. So far aa we can judge of the character of the 
vegetation (aUianco to equisetuma, clubmossea, tree-ferns, 
swamp-pines, and the like), it by no means required a tro- 
pical temperature for their growth and accumulation, but 
rather a moist, equable, and genial climate, inundated river- 
plains and morasses, low-lying deltas and aea-swamps — and 
these could be brought about by the terraqueous arrange- 
ments of the earth's own surface, and without calling in tlie 
aid of anything either preternatural or abnormal. "We 
flay, " could be brought about by the terraqueous arrange- 
ments of the earth's own Biirface," for it is not difficult to 
conceive such a position of the land-masses as to receive 
more heat from the sun and more warmth from oceanic cur- 
rents, and such a Inwnesa also of the terrestrial surfaces as 
to offer few points of condensation to aqueous vapours, and 
thus preserve a greater permanent amount of atmospheric 
moisture. This moisture would act in a twofold manner 
in promoting luxuriance of vegetable life — firet, by afford- 
ing a full and direct supply for their growth ; and, second, 
in lessening the radiation of heat &om the land-surface, and 
thereby greatly increasing the general temperature.* But 
whatever the geographical conditions, they must have con- 
tinoed for long ages over the same areas to permit the ac- 
cumulation of such a thickness of coals and sediments and 
igneous eruptions as those which constitute the Carbonifer- 
ous system. And these accumulations imply vast con- 
tinents from which they were wasted, large rivers for their 
transport, extensive deltas and sea-swamps for the growth 
of coal-beds, frequent volcanic eruptions in or near the 

• For evidencB of this peculiar effect of atmoiipherio vapour. Bee Profes- 
tot Tfiidatl'a leasonisEH aad eiperimeats in his 'Heat considered as a 
Mode of HotiiiD.' 
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areas of deposit, and over the whole a gradual subsidence 
to allow the depositions of bed above bed in such regular 
and continuous arrangement. And while all this went on 
the march of life was ever onward and upward. Plants 
unknown in the Silurian and Old Eed Sandstone periods 
made their appearance ; newer genera and species of corals, 
shell-fish, Crustacea, and fishes thronged the waters. Eep- 
tiles, so doubtfully known in the Old Eed, now appeared 
in considerable variety; insects, frail and fragile as they 
generally are, were by no means uncommon; and all that 
is wanting to complete the scheme of life, as now known to 
us, is the presence of birds and mammals. Whether this 
absence of birds and mammals arises from their non-ex- 
istence during the period, or from the imperfection of the 
geological record, it is impossible to determine ; but clearly 
the flora and fauna are greatly in advance of those of the 
Old Eed Sandstone, and all this is in perfect harmony with 
the geological doctrine of a progressive development of 
vitality. 

As an economic repository the old coal-measures present 
a wide field for inquiry and description. The variety and 
value of their products, the skill and capital expended in 
obtaining them, and their obvious bearings on the indus- 
trial and social relations of a nation, are subjects, however, 
that lie far beyond the scope of a single sketch, and aU that 
we can attempt is little more than a mere enumeration of 
the principal substances. We allude, of course, more espe- 
cially to the Coal Formation of the British Islands, from 
which it may be safely asserted that we derive products of 
greater value than from aU the other formations put to- 
gether. From its sandstones we obtain many of our most 
durable and beautiful building-stones ; we fabricate its fire- 
clays into furnace-bricks, retorts, di*ainage-pipes, baths, and 
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other artdeles of utility and ornament: from ita shalea we 
extract alum, copporos, sulphur, and paraffin oils ; its lime- 
atones are employed in architecture, agriculture, iron-smelt- 
ing, hleoching, tanning, and numerous other arts, at the 
Ume time that thej furnish many of our most decorative 
marhles, and are often the repositoriea of lead, zinc, anti- 
mony, and silver ; from ita ironstones we extract much of 
lihat metal mthout which all our im.plements would have 
l)eeii comparatively rade and inefEcient, and the machinery 
irf our iactories, our steamhoats, our raihoads, and tolegraphe 
imposalble ; while with ita various eoaU we heat our dwell- 
ings, cook our food, light our etrects and apartments, and 
TUse that steam-power by which human induatiy is increased 
ten-thousand-fold, time and space abridged, and the differ- 
ent nationalities of the earth brought into more intimate 
union and brotherhood. 

And yet, important as these auhstancea are, they are iar 
from having attained their limit either in the amoimts an- 
nnallj raised or in the purposes to which they can be 
applied. One has only to cast his eye back on the state of 
our coal-fields some thirty or forty years ago, as compared 
with what they are now, to be at once convinced of the 
progress that has been mode, as well as of the progress that 
is still attainable. At that timo, fire-clay was raised only 
from a few open workings, and had httle or no value; 
alum-shale was mined only at a single work; blackband 
ironstone was rejected ; bituniinoua shalea were utterly 
worthless ; the ordinary coals biid for the most part merely 
a local sale (for there were no railroads), and brought less 
than half their present prices ; cannel coal was seldom 
raised, and was scarcely saleable even at a fifth of its pre- 
sent cost (for gas-works had not then come into operation) ; 
and tho whole amount of coal raised in Great Britain did 
not much exceed 30,000,000 tons, while now it has reached 
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the enormous amount of 100,000,000, and is still steadily 
increasing ! At that time steam-power had not come into 
general use at our collieries, and horses, men, boys, and 
women toiled indiscriminately under ground and ahove 
ground. Shallow workings, open inclines, and stair pits 
were then the order of the day, with little profit to the 
employer, and a world of discomfort to the employed. 
Now our coal-works, though still demanding improvement, 
are models of systematic engineering in comparison, and 
are year after year conducted on a more enlarged scale and 
on more strictly scientific principles, at the same time that 
they have been placed under a humane aoid generous system 
of ofl&cial surveillance. 

Looking, we say, at the progress that has been made 
during the last thirty years, at the increasing demand and 
pressure upon our coal-supplies, and at the general improve- 
ment in mechanical appliances that is incessantly taking 
place, we may rely on increased national interest in all that 
relates to our coal-fields, to new inventions for lessening 
the toil and danger incident upon mining, and to a still 
further utilisation of the substances that belong to the 
Carboniferous system, and which are now only partially 
employed or altogether neglected. But while we look 
hopefully forward to this utilisation, we cannot lose sight 
of the fact that our coal-fields — ^we mean the British coal- 
fields — have a limited area, and that at the present rate of 
consumption a time must come when every available seam 
will be exhausted. How far distant this time may be our 
best practical authorities are by no means agreed, some 
restricting it to 300 or 400, some to 600, and others again 
to 1000 years.* It is true that by more economical methods 

* Those interested in the probable duration of our coal-supplies may 
consult Hull's ' Coal-fields of Great Britain/ the most compendious, as 
well as the most readable, work on the subject to which we can refer them. 
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of consumption the present increasing demand will be I 
somewhat I'estrained ; that with improved methods of work- I 
ii^ iDQch of the mineral now left UQdergronnd will ha I 
raised ; and that with more skilful engineering deeper 
shafts may he aunk through the overljTug secondary rocks. 
But even with all these appliances no man of intelhgeuce 
can shut his eyes to the facts that we are rapidly working 
ont OTir heat and most accesaihle coal-seams, that deeper 
'winnings must entail greater expense, and that in less than 
a century hence the price of British fuel will he immensely 
increased. How long the supply may be sufficient to sus- 
tain the supremacy of British industry it is impossible at 
present to determine, hut assuredly two or three hundred 
years hence all the more accessible portions of our coal- 
fields will be thoroughly exhausted, and our successors will 
be driven either to foreign fields, to other sources of heat 
than coal, or to other centres of industry. No doubt the 
vast fields of America and Australia are scarcely broken in 
upon,* and science is every year discovering newer fields in 
other regions, and this wiU tend greatly to lessen the prea- 
anre on those of Great Britain ; but still the results must 
nltiuiately he a change in our commercial relations and a 
shifting of the theatres of manufacturing industiy. Under 
a wide and eosmical view, however, such changes are in- 
evitable, and we need no more disqidet ourselves about the 
future condition of our country than about tlie future dis- 
tributions of the seas and continents. The rise and decline 
of nationalities and the phases of their commercial power 

* Tbe avuilnlila coal areas af Great Britain nre usually eatimated at 
little more tliaa GOOD square miles ; those of North America alooe 
aiceed 200,000 I When we artd to this the nnlfnon-n areas of South 
America, of Australia, of Japan, Cliiaa, and India, to say nothing of the 
I J«rtittlly eiplored flalda of Eusaia and Austria, the reader will readily 
■MHenn bow immenfie the stores of fossil fuul kid up for the future 
HnfaemantB of human industry. 
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aie as clearly under a higher law of piogiession as are the 
physical and vital appointments of the glohe itself, and 
to the philosophical conception all great mutations are 
merely successive stages towards the broader and higher 
attainment. 

But be this as it may, to our country these Old Coal- 
Measures have been invaluable : they are the mainspring 
of her mechanical power and the stay of her commercial 
greatness, and everything that tends to economise their use 
or prevent their unnecessary consumption should be hailed 
as a national advantage. By their aid mankind has gained 
new triumphs over the powers of nature, and modem 
civilisation been infinitely accelerated. One cannot, in- 
deed, reflect for a moment on the utilities of this single 
formation, without discerning how intimately the most 
recent period in geology is connected with the most remote, 
and how all are inseparably woven into one beautifal and 
harmonious world-plan. Strange, that the mere physical 
operations of the earth's remotest ages should be so inti- 
mately associated with the industrial and intellectual opera- 
tions of the present ! Inexplicable, if creation were not 
the unfolding of a great moral as well as of a great physM 
scheme — a scheme in which every element and operation 
in time past as in time present plays an essential part, and 
from which not a jot or tittle could be abstracted without 
marring the symmetry amd perfection of the whole. 






HAT WE OWE TO OUE COALFIELDS. 



) SDPEBMAC? 1 

r DEPEKDESr O 

fOUPABKD WITH 



nrSE — FIRB-OLAT I 

KTRA-CTION OF ALUM, C0PPBB4B, 



EvEftT man of thought must be more or less impressed 
with the conviction that much of Britain's eupremacy in 
mechanical and manufacturing industry has arisen firom her 
rich and readily-accessible coal-fields. A high degree of 
civilisatioQ, as the histoiiea of ancient nationalities demon- 
•hste, may be attained without the possession of coal- 
Mds; but the peculiar phases of civilisation, in all that 
Wlnlea to mechanical appliances, manuiactuies, locomotion, 
^"^ intcrconununication, are the direct results of coal and 
"on. The fine arts, literature, philosophy, social refine- 
JOent, and political institutions have existed, and may yet 
•ttist, where coal-fields are unknown ; but that marJiine- 
P««r, if we may so express it, which coal and iron put 
''ito the hands of man to subdue the forces of nature, and 
^Wahy promote the wider advmicement of his race, intel- 
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lectually as well as materially, is a thing dependent alone 
upon the existence of a Coal-formation. There is no arti- 
ficial source of heat (and heat is the spirit of all force) so 
compact, so portable, so safe, and so readily available as 
coal ; no substance so adaptive, so strong, and so enduring 
as iron. There is no artificial power so titanic, and withal 
so submissive and tractable, as a few pounds of ignited 
coal acting through the medium of water; no harness 
save one of iron sufficiently strong to yoke that giant power 
in the services of human industry. These two substances, 
coal and iron, have been the main &ctors in all recent pro- 
gress ; and that which most broadly distinguishes the 
Britain of the' present from the Britain of the preceding 
centuries is the extended and extending use of these sub- 
stances through the instrumentality of the steam-engine. 
Nor is it for these two minerals alone that we are indebted 
to the Carboniferous system 3 for from the same formatioE 
we obtain numerous other products, all useful in the arts, 
and some of them indispensable auxiliaries to the employ- 
ment of coal and iron. These are the sandstones, lime- 
stones, marbles, *fire-clays, oil-shales, alum-shales, and cop- 
peras-shales, and not unfrequently in some localities the 
ores of lead, zinc, and silver. 

Taking Coal as the chief product, we find it in many 
varieties and in all degrees of purity: — Caking coal, like 
that of Newcastle, which is tender and bituminous, and 
cakes together in burning ; cubic or rough coal, which is 
harder, bums open, aoid leaves much ashy residue ; splitd 
or slate coal, like that of Fife, which is hard and laminated, 
and turns open, with the emission of great heat; and 
cannel or parrot coal, compact and jet-like in texture, rich 
in bitumen, and now chiefly used in our gas-works. One 
or other of these varieties is found in every coal-field, and 
according to its quality (for, like all mixed rocks, coal is 
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ferjr variable in quality) is fitted for Bomo special pur- 
pose — domestic fuel, ateam-nusing, gaa-making, oil-making, 
at metallurgy. For these and kindred purposes about 
100,000,000 tons are now annually raised from British 
'fields ; and when we refieet on the necessity for fuel 
hi our northern climate, on the advantages of a cheap and 
OODvenient light like gas, on the importance of our manu- 
bctoring machinery which is moved by steam-power, and 
Va. the impulse which steam has given to our intercommn- 
akation by land and sea, it is impossible to over-estimate 
&e importance of this single mineral In young and 
newly-settled countries the forests may supply its placej 
lot as population increases, as the land must be cleared for 
gtsin crops, and as the forest-growth necessarily disappears, 
nal is yet the only avaOable source of heat, and happy 
Que nation that possesses it in accessible abundance ! Ho 
is all-important ; and when wo consider tho 
amount of capital, skill, and industry employed in procuring 
tiie myriad economical purposes to which it is applied, 
i fedlity with which it can be carried, and the safety 
d readiness with which it can be used, we may well 
WWider what would have been the condition of our country 
without it. This, then, we owe to our Coal-iielda j and 
tOiaidering the enormous amount raised &om so small an 
BUS, the rapidly increasing demand, and the undoubted 
of the supply, everything that tends to facilitate its 
bo and careful extraction or economise its use should be 
aled as a boon of no common importance. 
Wo have alluded to the enormous amount of coal raised 
small an area, and the aggregate of the coal-fields of 
, though large in comparison with what is possessed 
J other European countries, does not greatly exceed 5000 
we miles. Even in this area much of the coal is of inferior 
ility, much is also unworkable, and a considerable amount 
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utiut nlwnys bo left in the piooees of extiacdon. TTnda 
UiMO ciirumetanres, and with, a ctmsamption tliot had 
tra1<W iUdf within the last thirty yeois, it is not to b 
VFonilpn.Hl ttut some uneasiness has 1>een felt as to tha dft 
tMlion of our ooal supply, and a Eoyal Conuni^on hed 
appiuulMl (1SC6) to inquire into the probable amonnt ^ 
Hill Um iiniTMrkMt, and vhich seems to be ^irly accoaaildli 
WlMktv'VN' W Uw Usiio of the inquiry, two tilings are ceitBil 
^frt*, lli«l Ihv supply is limited, and that at the presesj 
M* vi viMtnttnplioit it will be wholly exhausted in afM 
kttlbibvJ J(viu« ; lUki), fftotid, should the coal-measoies %l 
AiHuU h> «it«nd \mi\vT the newer formations, it would be isf 
IMMliUe^ with our iuvi«\>ut appliances, to extract the mineH 
IS depths, and even if engineering skill wa( 
mount the difficulty, the increased cost wodi 
, in all ordinary cases of consumption, f 
doang the supply. In the mean time, and without dwal 
iug on this moat unwelcome prospect, our duty is deadj 
to encourage every plan for the fuller and more carefhl 4 
traction of the mineral, and to do what we can, individnan 
and nationally, in economise the consumption. 

Regarding Ibok as the product of next importance, f 
may be said to occur in two varieties in our coal-field»- 
Dtunelj, OS a rou^^h clay-carbonate in bands and nodnl^ 
and as a finer clay-carbonate in beds of varying thicknaS 
and mingled leas or more with coaly or bituminous mattS 
The former constitutes the " clay-band " of the miner, aX 
the latter the "hlack-baud" — the former being the mO 
abundant, the latter the more valuable as containing enoug 
of coaly matter for ita calcination without the addition ( 
extraneous fueL There are other and more abundant souio4 
of iron than the coal-formation (the hcematitea and siderit«^ 
but, considering that these ores cannot be reduced to H 
motftUio Btuto without the addition of fuel, the conjunctil 
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of ironstone and coal in. the same formation — in the same 
mine, we may say — renders these clay-bands and hlack-banda 
of peculiar importance. About 8,000,000 tons of pig or 
cast iron are annually manufactnred in Britain, and of this 
the greater proportion is obtained &om our coal-fields. 
Looking at the peculiar phases of modem civilisation, it ia 
impossible to over-estimate the importance of an abundant 
supply of iron. Indeed, without this abundance, our varied 
machinery, our steam-engines, our railroads, gas and water 
pipes, suspension bridges, iron ships, and other similar in- 
ventions, would have been impossible, or if possible, would 
have been on a limited and insignificant scale in comparison. 
This work and application of iron is one of the loading 
features of our times — its malleability, strength, durability, 
and cheapness fitting it for almost every purpose, from the 
liometiest utensil of domestic use to the most elegant and 
complicated machiuety, and irom the tiniost implement of 
ait to the most ^gantic instrument of war. Ours is in 
tanth the Aye of Iron, there being no industrial operation 
in which that metal does not play an important part, no 
enduring subjugation of the forces of nature unless through 
its instrumentality and power. 

Besides coal and iron. Limestone: also takes rank as one 
of the abundant and valuable products of our coal-fields. 
Anociated with coal and ironstone, it becomes of especial 
' ntlue as a flux for the reduction of the latter in the blast- 
i'Jtoace, and all the more valuable that it is obtained from 

a same formation, and generally in convenient proximity. 

estenaively used for mortar and cements, in agri- 

j^ in tanning, bleaching, and other industrial proceaaea, 

t on&equently some varieties ate hard enough and 

ll onongh in texture to be raised and polished as 

Utblfls. Taken together, there are no mineral substances 
i.Kvitluable as coal, ironstone, and limestone; and it seems 
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something more than a mere coincidence that m the coal- 
formation they should have been associated in such cloeo 
proxitoity and accessible abundance. Had there been no 
other rocks in the earboniferovLS series save these three, the 
gifla of our coal-fields would have been incalculable; haw 
much more their value when other products, all Ufleful and 
abundant, can bo raiaod from the same systein, from tha 
same shaft, and in course of the same i"'"'";; oporationa 1 

SiKDSTONES of great beauty and durability, like thoM 
of Edinburgh, St Andrews, Stirling, Glasgow, NewcaBtia, 
Leeds, and other localities, are obtained in iuexhaustiUs 
supplies from the Cool-formation; and when the importance 
of substantial and elegant edifices is duly conaidored, thoM 
building-stones must he ranked among the more valuable 
of its products. Taking Edinburgh, Glasgow, and New- 
castle OB examples, the fitness, beauty, and durability of thfl 
coal -measure sandstones for architectural purposes most 
stand unquestioned; and, considering the readiness with 
which they can now be carried by railway to all parte of 
the island, the rapid extension of their employment may be 
safely predicted. Nor is it merely for bnildii^ purposes 
that these sandstones are used, but many of thoii varielati, 
ae their names imply (millstone grit, grindstone grit, &<).), 
are extensively raised for millstones, grindstones, whetat^tne^ 
and other kindred purposes. In a rigorous and irregular 
climate like that of Britain, the possession of a durable 
buOding-stone is of prime importance, alike on the ground 
of comfort and economy, and luckily the coal-formation in 
one or other of its series aiTords a cheap and inexhaustible 
supply. It was the boast of !Nero that he found Kome 
built of bricks, but bad left her of marble ; had her seven 
hills contained such sandstones as those of Craiglelth and 
Binny, the boast might liave taken & different direction. 
Our own Houses of Parliament, whose decay bo soon after 



8AI1D8TONB8 iKD FIHE-CLATS, 



183 



their erection hae excited so much comment, are built of 
magaesion limcstono ; had the sandstonea of Fife or Mid- 
Lothian heen adopted, as was at one time proposed, the 
chisel-marks of the builder would havB remained uaohlite- 
tated for centuries. 

Next to the sandstoneB or freestones of the Coal-measurea 
we may place the FiEE-oLATa, or those argillaceous heds which, 
from the pecuharity of their composition, may be baited into 
&brics of any shape, and of unsurpassed resistance to the 
eflects of either fire or water. These clays, at one time 
little sought after, have now become of vast importance, 
and are largely used as substitutes for stone and iron. 
Plastic, and capable of being fashioned into any form, they 
are extensively used for fire-grates, furnace -linings, retorts, 
sewage - pipes, Soorhigs, architectural mouldings, garden 
ornaments, and a thousand other purposes — affording 
objects of beauty as well as of utility, and, when properly 
manufactured, of nnconquerable durability. Few manu- 
factures have come of late years so laigely into use as 
fire-clay fabrics ; and, considering their recent introduction, 
we may confidently look forward, not only to their rapid 
extension, hut to a skill in manipnlation which will rival 
the finest productions of the potter and sculptor. But, 
altogether apart from works of art, the use of fire-clay 
fitbrics in furnaces, and above all in the cheap and effi- 
cient drainage of our towns, has been a boon of no common 
ralue, as tending at once to the health, the comfort, and 
Bmenity of our densely congregated populations. Of course, 
S8 the manufacture of fire-clays is intimately dependent on 
a cheap supply of fuel, the relation of coal and fire-clay in 
the fiame field, and often in the same mine, is a thing that 
must strike the attention of the least reflecting. 

Even the moat worthless -looking beds in the forma- 
tion — the Shales, or consolidated muds — are now rapidly 
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rising in economic importance. Those yielding alnm and 
copperas (the alum and pyritous shales of the miner) have 
long heen worked, though on a small scale, hut now the 
hituminous shales, or those yielding parafi&n and paraffin oil, 
are eagerly sought after and worked on a gigantic and rapidly 
extending scale. Fields in the lower Coal-measures of Scot- 
land, which half-a-dozen years ago did not hring a farthing 
to their proprietors, are now yielding thousands ; and the 
distillation of these shales may already he regarded as an 
established branch of our national industry. Nor is it 
merely as sources of a new and brilliant light that these 
shales acquire their importance. Eecent experiments have 
proved the adaptability of their crude oils as a fuel for 
steam-raising, and the hope is now held out that even the 
inferior varieties may be turned to good account in lessen- 
ing the pressure upon our more precious coal-seams. In- 
deed, when we consider the worthless aspect of these 
shales amd the beauty and utility of the substances — solid 
paraffin, paraffin oil, naphtha, rosine and magenta dyes— 
derived from them, few instances of human ingenuity to 
utilise the products of nature could be adduced, at once so 
marvellous and so thoroughly successfoL What so uillike 
as a block of black bituminous mudstone and a paraffin 
candle, white and translucent as the finest wax? What 
so seemingly impossible as the extraction of a brilliant 
rose-purple dye from a mass of pitch-coloured coal-tar 1 

Besides these rocks — ^the coals, ironstones, limestones, 
sandstones, fire-clays, and shales — of which the Carbon- 
iferous system is entirely composed, there occur in some 
localities independent veins of lead -ores and zinc -ores 
traversing the beds of the mountain limestone. These 
veins (like those 'of Derbyshire, Yorkshire, and ^NTorthmn- 
berland) are often of great commercial value, not only for 
the lead and zinc they directly supply, but for the per- 
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of silver wliicli many of them yield — the load-orts 
Ijeing generally lesB or more orgeiitiferous. 



Such are the produots wo derive from the Coal-foiniatioa, 
and auch the benefits they have conferred and are atill con- 
ferring on our countty, StatiBticianB may set down their 
amounts in weights and meaaurea and thuir valuoa in money, 
Imt no method of computation can fully convey an idea of 
the advantages, physical, intellectual, and moral, vq onjoy in 
poeaeBsing auoh productive and accessible coal-floldB. Had 
the coals heen in one field, the ironatoues in a second, and 
the limestoncB and firo-claye in a third, they would haye 
Btill been prized and sought after ; hut when the whole are 
found iu the same field, and often in the samo mine, theil 
value is a hundredfold enhanced, and their importance 
"becomes more distinctly appreciable. Nor can it bo over- 
looked tliat, situaterl as most of these coal-fiolda are, in the 
lower districta of our ialand, they are peculiarly accessible 
by water and readily reticulated by railwaya — the Brifltol 
Channel, the Mersey, the Tees, Wear, Tyne, Forth, and 
Clyde all opening their ports for convenient transport to 
other and leas favoured localities. Hor is it to Britain 
alone that the advantages of her coal-fiehls extend — the 
whole world, through her machinery and manufactures, par- 
ticipates in the boon, and the impetus thereby given to 
human progress will descend to future ogee. Her steam- 
enginos, manufacturing machinery, railroads, water and gas 
distribution, telegraphs, and steamships are the giant off- 
spring of her coal-fielde; and wherever the sound of those 
is heard or their influences felt new activities and industriea 
MO awakened, and on industry and commerce are ever founded 
the surest liopes of civilisation and refinement. Strange, 
as we have before remarked, that the mete physical opera- 
08 of the earth's remotest ages should he ho tntimat«ly 
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associated with the industrial and intellectaal operations 
of the present ! Inexplicable, if creation were not the 
unfolding of a great moral as weU as of a great physiccd 
scheme — a scheme in which every element and operation 
in time past as in time present plays an essential part, and 
from which not a jot or tittle could be abstracted without 
marring the symmetry and perfection of the whole. 



THE SECONDAEY AGES. 



Wheh the earlier geologiats arranged the rockiB of the earth's 
CTust into Primary or firat-foimed, Secondary or second- 
formed, and Tertiary or third-formed, they made a most 
important improvement in geological classification; and 
though a somewhat different moaning ia now attached to 
these terms, they are still retained in the nomenclature of 
the science as general and convenient designations. Accept- 
ing Primary merely ia the sense of early or ancient, it em- 
braces all the stratified systems prior to the New Eed Sand- 
stone ; wbile SEcoNUiRT, on the other hand, refers to the 
New Eed Sandstone, the Oolite and Chalk. Even this 
New Eed Sandstone, when critically examined, is found to 
differ widely in its fossils — the lower portion containing 
palieozoie fonns closely related to those of the CoEd-measiffea, 
while the upper portion is characterised by mesozoic forms, 
or such as have a closer relationship to those of the Oolite 
and Chfllk. In this way the " New Eed Sandstone " of our 
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forefatliers has been separated into two distinct systems — 
the " Permian " or Lower New Red, so called by Sir Eodeiick 
Mmchison because typically displayed in the province of • 
Perm in Russia ; and the " Triassic " or Upper New Red, so 
named by the German geologists because consisting of three 
well-marked series of strata, the Biinter or yariegated sand- 
stone, the Muschelkalk or shell-limestone, and the Kenper 
or copper-marls. Adopting tins view — and it is more by 
nature of the fossils than by the character of the sediments 
that the relative antiquity of strata can be satisfactorily 
determined — the secondary ages, which form the subject of 
the present sketch, comprehend the Triassic, Oolitic, and 
Chalk systems, whose chronological place will be best under- 
stood, perhaps, by a glance at the annexed tabulation : — 

Cainozoic ^ ^ ^ 

Qj. (Quaternary or Becent Accumiuations. 

Tertiary. j Tertiary. 

Mesozoic r Cretaceous or Chalk, 

or ■< Oolitic or Jurassic. 

Secondary. (.Triassic or Upper New Red Sandstone. 

/'Permian" or Lower New Red Sandstone. 
I Carboniferous or Coal. 
Paleozoic j qj^ j^^ Sandstone and Devonian. 

^^ >! Silurian. 

Cambrian. 
Laiu'entian. 



Primary. 



These secondary systems — the Trias, Oolite, and Chalk — 
hold a middle place, as it were, in geological history, less 
obscure than the primary, but still not so obvious either in 
their vital or geographical arrangements as the tertiary and 
recent. The mode in which their strata have been aggre- 
gated is for the most part apparent, and their fossils, though 
differing widely in genera and species from existing forms, 
have still more of a new-world aspect about them, and the 
palaeontologist feels he has less difficulty in establishing 
their botanical and zoological relations. Unless in highly 
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igneous centres, few of the strata have suffered much nieta- 
morphism ; the areoa and hoondories of the seas of deposit 
aie much more apparent ; and birds and mammals, unknown 
in previous systems, are now met with in some abundance. 
Of course, as the seconchiry ages embrace several systems 
and formations, there will necessEirily be considerable differ- 
ence, both in rocks and fossils, between its respective series; 
Init notwithstanding these differences there is still similaTity 
raffitaent to enable us to treat them as a great group, or 
father as occupying a continuous and connected portion of 
flie earth's geological history. And after all, it is only by 
gnrapinga and generalisations of this kind that the non- 
BcientiGc reader can he espected to catch a glimpse of world- 
history, the details and reasonings of which, must be 
worked out by the slow and patient research of the profes- 
sional inq\iirer. 



The earliest of these Secondary systems, we have said, 
is the Trias, a series of reddish-coloured sandstones, shelly 
limestones, and saliferoua or sall>-yielding marls; the second, 
the Oolite, a series of calcareoits freestones, clays, and 
shales, with occasional coals and ironstones ; and the third, 
the Ohiilk, so notably composed in the south of England of 
that white, soft, earthy limestone we call " chalk," and its 
underlying clays and greenaands. "With the exception of 
a subordinate series of strata that he between the Oolite and 
Chalk, and known as the " Wealden " from their occurrence 
in the wolds of woodlands of Kent and Sussex, all the 
strata of these secondary formations are eminently marine, 
and are charged throughout with marine organisms. The 
Wealden sands, Handstones, and clays point more to estua- 
line conditions, and where they occur the coals and lignites 
of the Oolite and Chalk indicate the existence of land-sur- 
fecea; but all tlie other strata — the shelly and coralline lime- 
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stones and sandstones, the saliferons marls, the shales and 
clays * replete with the exuviae of shell-fish, cmstacea, and 
fishes — are strictly sea-formed, some littoral or along-shore, 
and others pelagic or in deeper waters. This marine origin 
is pre-eminently ohservable in the Trias and Chalk, and it is 
only in these oolitic districts where coal and ironstone are 
fonnd that we have evidence of estoarine and terrestrial 
conditions of formation. Of course we are here alluding 
more especially to the secondary systems as displayed in 



Chalk 

or 

Cretaceous. 



OoLinc 

or 
Jurassic. 



* A better idea of the composition of these systems may be obtained^ 
perhajM, by a perusal of the amiezed tabulation : — 

r Chalky marls and thin-bedded limestones. 

I Chalk rock, with and without imbedded flints. 

I Greensands and cherty limestones. 

/ Blue tenacious clays, locally known as ** gault " 

or "golt." 
Green and ferruginous sands, sandstones, and 

cherty limestones. 

Wealden clays, sands, and flaggy sandstones. 

Upper Oolite— consisting of fine-grained oolitic 
limestone with interbedded clays and bitumin- 
ous shales {cocUi), 

Middle Oolite — consisting of coarse-grained shelly 
and coralline limestone, with blue clays and 
sheUy calcareous grits. 

Lower Oolite— consisting of coarse shelly lime- 
stone and grits ; thick-bedded blue clays (coalt) ; 
thick-bedded sandy oolitic limestone; flaggy 
grits and marls ; and calcareous freestone. 

Upper Lias — consisting of dark bituminous shales 
and indurated marls or marlstone. 

Lower Lias— dark laminated limestones and clays, 
bands of ironstone, layers of Jet and cocU, cal- 
careous sandstones. 

Keuper — consisting of variegated marls, sandy 
layers, limestone layers, gypsum, and rock- 
salt. 

Muschelkalk — ^grey shelly limestone, with marl 
partings and beds of magnesian limestone. 

Bunter — soft variegated sandstones; coarse-grained 
grits and conglomerates. 



Triassic 

or 

Upper New Red. 
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Western Europe, for it must be observed that in India, 
Eastern Europe, in Farther Asia, and Southern Africa, aa 
well as in various tracts of North America, the eonditiona 
of deposit seem to have been vridely different, b^ there 
both oolitic and cretaceous coal-fielda are by no means 
uncommon. And these coals, aa noticed in a former 
sketch (Coals and Coal ■ Formations), must have been 
formed, hke all others, partly from vegetation that grew 
and accumulated in situ, and partly from drifts and rafts 
borne down by rivers during seasons of flood and inun- 
dation. 

There is thus nothing very puzzling in the Hthology or 
mere rock-fonuations of the secondary ages. In the sand- 
stones of the Trias studded with footprints and rain- 
prints, and reticulated with sun-cracks, we see the sandy 
deposits of shallow shores ; in the shelly limestones, the 
accoiaulations of somewhat deeper waters ; and in the 
cbyey marls, with their masses of rock-salt aud gypsum, 
the muds of lagoons and sea-creeks alternately submerged 
and cut off from communication with the outer waters. 
In the limestones and calcareous clays of the Lias and 
Oolite, we perceive the coral-growths and organic debris of 
exterior seas ; in thoir freestones and shell-beds, the drifts 
of the nearer shore ; while in their coals and jets we dis- 
cover the growths of sea-swamps and deltas, and the drifts 
of streams and rivers. Again, in the greensanda of the 
Chalk we trace the operations of the more exposed shores; 
while in the Chalk itself we perceive the slowly-accumu- 
lated calcareous ooze of the quieter waters. For just as in 
the Atlantic and other sea-beds, the fine calcareous mud 
resulting from organic debris {the shields of foraminifera, 
the waste of corals and shells and other exuvi^) is now 
collecting in great thickness and purity over extensive 
areas, so in the older cretaceous ocean similar agencies were 
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at work in aocumnlating those masses of chalk which now 
constitute the chSa and downs of southern England.* 
There is nothing, we repeat, very difficult of explanation 
in the mere sediments of the secondary ages, while, as 
during all other periods, vulcanic eruptions were here and 
there breaking up their continuity, and occasionally alter- 
nating with their strata. In England the secondary rocks 
have suffered little or no disturbance from igneous agency, 
and hence their broad and unbroken succession in that 
country. All to the south-east of a line roughly drawn 
from the Severn to the Tees is occupied by these forma- 
tions, and the reader has only to cast his eye over the 
geological map, to perceive how regularly and continuously 
they follow each other. In Scotland and Ireland, however 
(Skye, Giant's Causeway, &c.), as well as in the Jura and 
other Continental districts, the secondary rocks are much 
disturbed and altered by igneous eruptions — a proof that 
during this, as during all other ages, vulcanicity displayed 
itself only along certain lines and within certain centres 
with notable intensity. 

As a life-period, the secondary systems, though charac- 
terised each by its own peculiar forms, have yet so maay 
features in common, that they may conveniently be re- 
garded as representing one great and. unbroken cycle of 
world-history. As marine deposits they abound in all the 
lower forms of life — foraminifera, sponges, corals, encrinites, 
star-fishes, sea-urchins, polyzoa, shell- fish, Crustacea, and 
worms ; contain at the same time many orders of insects; 
are replete with numerous families of fishes and reptiles ; 
and now, for the first time in geological history, give 
unmistakable evidence of birds and mammalia. Without 

* For more detailed explanation of this deep-sea calcareons ooze or 
mud, see page 44, in the sketch entitled " Waste and Beconstraction*" 



dwelling on minutite, wliicli would be out of placo in a 
popular Bketeh like the present, we may yet advert to aome 
of the more remarkable features in the life of the second- 
Biy ageB, such as the great piepondenince of nautilus and 
cuttle-fish, like foTms among the nioUusca; the marvelloua 
variety of reptilian life, which has led to the designation 
** the age of reptiles ; " the first unmistakable appearance 
of bird-life ; and the occurrence of mammals of the lower 
or pouch-bearing section. There are other noticeable fea- 
tures too, such as the dieappcarance of the plants peculiar 
to the coal-meaaurea, and their replacement by other tree- 
fbma, by cycads, zamias, pine-trees, and palms; the dis- 
^peatance of the graptolites, trilobites, ourypteritea, and 
bone-encaaed fishes that characterised the older systems; 
the prevalence of homocercal or eqnal-lobed-toiled fishes un- 
known in palteozoie tsmes, and similar peculiarities; but 
these we must subordinate to the more remarkable features 
above alluded to. 

The highest order of molluscan life is the Cephalopod, 
or those which move about by the arm-like feelers that 
encircle the head. To this order belong the nautilus and 
tnttle-fish — the former possessing an external chambered 
shell, and the latter having no external shell, but supports 
ed by an internal bone or osselet. The nautilus is now the 
only representative of the shelled division, and though a 
lumber of genera belong to the shell-leas orders, they do 
not occur in anything like overwhelming numbers. In the 
Mcondaiy seas, however, these cephalopodous moUusca 
were predominating forms, their shells and internal bones 
occurring in myriads, and tliis more especially during the 
colitic and cretaceous periods. Everywhere throughout 
tha limestones, shales, and clays, their remains are scattered 
a profusion — the chambered shells, from the size of the 
oaallest coin to the circumference of a carriage-wheel, and 
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the internal bones from the thickness of a quill to the size 
of a man's ann. There are few things so noticeable in 
these secondary ages as this exuberance of chambered 
shells — ammonitesy btxadites, hamites, scaphites^ and tur- 
rUites; or of these internal bones — helemnUes^ tzcardhch 
teuthisy hdemnoieuthisy conoteuthis, and leptoteuthis* Many 
of the strata are surcharged with their remains ; and as the 
cephalopods are active and predaceons in their habits, the 
lower life in which they fed must haye been still more 
abundant, while they in turn became the chosen food of 
the larger fishes and reptiles. Occasionally we hear, as a 
matter of marvel, of the capture in tropical waters of cuttle- 
fishes eight or ten feet in length ; how transcendently more 
wonderful the thronging of these secondary seas with 
myria(^ of the same order still more gigantic in size and 
more diversified in feature ! Strange, too, that the ocean 
which then swarmed with nautiloid forms should now 
contain only a single genus ! Inexplicable, were there no 
plan of vital progression to which these extinctions and 
creations could be systematically conformed. 

Even still more remarkable was the exuberance of rep- 
tilian life that thronged the seas, the estuaries, the rivers, 
and river-plains of the secondary ages. Nothing known 
before or since of reptile life is at all comparable either in 
point of variety, size, or numbers. Our museums are re- 
plete with their remains, and in conditions so perfect, that 
almost every feature can be restored in natural proportion 
and life-like reality. Whale- like and confined to the 
waters, crocodilian -like and amphibious, mammalian-like 
and treading the land, or bird-like and winging the air— 

* Ammonites (coUed up like the hom of Jupiter Ammon) ; haculiUt 
(straight or staff-shaped); hamites (hook-shaped) ; tcaphites (boat-shaped); 
turrilites (tapering and turret-shaped) ; hekmnites (dart-like) ; acanihO' 
teuthis (thorn -like organ); belemno- (bolt -like); cono- (conical); Upto- 
(slender); and so on. 



these saurians were undoubtedly the most notable features 
of the period. It was indeed the "^e of reptiles," when 
every habitat — aquatic, terrestrial, and aerial— was occupied ; 
and every function— carnivorous, herbivorous, and insec- 
tivorous — was performed by these creatures. Frog-like, but 
bulky as an ox, the Idbyrinthodon equatted on the muddy 
river-flata ; whale-lite, the iehthyonaur paddled through the 
waters ; iguana-like, but huge as an elephant, the iffuanu- 
dcm browsed on the eucculent herbage ; bloodthirsty and 
mightier still, the deinosaur crouched for his prey in the 
forest ; while bat-like, under the cliffs and adown the river- 
bauks, fluttered the insectivorous pterodantijle* Every 
place seems to have been usurped and every function per- 
formed by these abounding reptilian orders ; and this for 
long ages, while bird-Hfe was gradually coming into force, 
and mammalian life dawning into existence. 

This bird-life makes its first appearance in the Trias, the 
wirfiices of whose flaggy sandstones are thickly imprinted 
with their footsteps. These omiihichnitcs, or bird-foot- 
prints, occur in all sizes, from the slender impress of feet 
like those of the snipe and sandpiper to the heavy implant 
of others many times bulkier than those of the largest 
ostrich. Waders and runners, they seem to have frequent- 
ed the sandy shores of creeks and estuaries which were also 
the favourite haunts of reptiles, and thus many of these 
Xriassic sandstones are crossed and re-crossed, tracked and 
te-tracked by footprints whose nature {reptilian or ornithic) 
it is yet impossible to determina. How wonderful the 
variety and complexity of the vital record ! how strange 
that the impression of a passing foot should remain as evi- 
dence of scenes of life and activity when every other relic 

I * LabyriKthodon, from the iBbyrinthine structure of its tenth ; 
Vkkfomwr, fiah-likB sunrian ; igvaiwdon,, having teeth like the exiiiting 
ipiina ; dtinotaur, terrible sanrifln ; plerodactsle, Unger-winged or flying 
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has utterly disappeared ! But numerous as bird-footprints 
are — and they occur in abundance at Storeton in Cheshire, 
Corncockle in Dumfriesshire, Cummingstone in Morayshire, 
Hildburghausen in Germany, and on the Connecticut in 
America — no traces of bird-bones have been detected save 
in a single instance, and that not altogether free from doubt, 
in the sandstones of the Connecticut. But what is doubt- 
ful in the Trias becomes obvious in the Oolite and Chalk, 
and the comparatively recent discovery of the skeleton of 
the archcBopteryx * (ancient bird) in the lithographic lime- 
stone of Solenhofen confirms the fact that Bird-Life, whether 
existing or not in the primary periods, became at aU events 
an established feature in the secondary ages. Yet so it ever 
appears with the great scheme of vitality; advancing slowly 
but incessantly, and displaying at every stage more compli- 
cated forms and higher functional activities ! 

Conformable to this progress, mammals also make their 
appearance during the secondary ages — scantily in the 
Trias, but more abundantly and unmistakably in the Oolite 
and Chalk. As might be expected, and in accordance with 
a progressional scheme, those mammals belong to the lower 
or marsupial orders — that is, to those which, like the opos- 
sum and kangaroo, are furnished with a marmpium, or 
external pouch in which they carry about their immature 
young. These marsupials or pouch-bearers stand lower in 
the scale than the true mammals that bring forth their 
young in a perfect state. They are sometimes termed ovo- 

* This ancient bird, according to Professor Owen, was about the size of 
a rook, and differs from all known birds in having two free claws belong- 
ing to the wing, and also in having the vertebrae of the tail (about twenty 
in number) free and prolonged as in mammals— each vertebrae supporting 
a pair of quill-feathers which give to the tail a long and vane-like appear- 
ance. This unique specimen (now in the British Museum) exhibits in its 
tail a retention of structure which is " embryonal and transitory in the 
modem representatives of the class Aves, and consequently a closer adhe- 
sion to the general vertebrate type." 
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viviparous, aad, bo lar as this function of gestation is con- 
cerned, hold an inteimediate place, as it were, between birds 
and the ordinary mammalia. Niunerous teeth and jawa of 
a small size {about that of a rat or rabbit) have been dia- 
covered, some indicatbg herbiTorous, some carnivorous, and 
others insectivorous habits, but all apparently belonging to 
the same pouch-bearing orders. It is true that in the chalk 
marls some bones of a doubtfully higher character have been 
detected, but beyond these fiugments nothing higher in the 
scale of Life than birds and marsupials is known to belong 
to the secondary ages. 

Here then, during these secondary ages, which embrace a 
loi^ period of the world's history, we have seas of moderate 
depth and broad shallow estuaries in which all the ordinary 
aedimenta were deposited — shelly and coralline limestones 
in the outer waters, muds and clays in the stiller recesses, 
and sands on the open shores. Here and there masses of 
rock-ealt and gyjisum accumulate in detached lagoons and 
aearreaches ; while during the oscillations of the land the 
swamp and forest growths of a genial chmate are repeatedly 
mbmergod and converted into coaL We say genial climate, 
for the cycada, zamias, palms, tree-ferns, and broad-leaved 
pines (which are the prevailing forms), point to warm and 
equable conditions ; while the frequent oscillations of the 
land are amply shown in the numerous seams of coal and 
" dirt-beds " or ancient soils on which the forest-growths 
had flourished for ages." And while these genial conditions 
prevail over aea and land, both are equally exuberant with 

" One of tlie best known eiaiiiples of on oolitic soil is tlia celebrated 
" dirt-bed " of Portland — an eartliy, carlionaeBona maas, replete with the 
noti and proetnte truului of oycada, zoniiiu, and otber v^etation abaiac- 
tfilifltic of and peaulinr to those Hei^ndary fonoations. 1q fact, a genuine 
fonBt-moald, with itu rotted leavea, l^en tninlu, on mbedded root- 
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life — ^the former teeming with foraminifera, sponges, corals, 
encrinites, starfishes, shell-fish of every order, fishes and rep- 
tiles ; and the latter with gigantic ferns, reed-like grasses, 
cycads, zamias, palms, and pine-trees, which became the 
chosen food or shelter of numerous insects, of reptiles ter- 
restrial, arboreal, and aerial, of birds, and of marsupial mam- 
maLs. What a busy panorama of life, growth, and decay is 
presented by these secondary ages ! And not alone mere 
growth and decay, but development and progress ; for dxa- 
ing the long periods that elapsed between the commence- 
ment of the Trias and the close of the Chalk, thousands of 
forms became extinct — ^newer and higher ones taking their 
places, and at every stage approaching nearer and nearer to 
those of the Tertiary and Current epochs. So perceptible 
indeed is this approach that it has been proposed to arrange 
the geological formations into two great divisions only — ^the 
palcBozoic, embracing aU to the close of the Permian] and 
the neozoic, all from the commencement of the Trias up to 
the present day. But whatever may be the value of such 
arrangements, the fact of progression is everywhere obvious 
— 80 obvious, that even the non-scientific observer could 
have little difficulty in distinguishing between the fossil 
forms of the primary and secondary ages. 

Let those who refuse their assent to a plan of vital devel- 
opment only study for a day or two the magnificent collec- 
tion of secondary fossils in our National Museum, or even 
peruse their figures as given in ordinary geological works; 
and if at all capable of comparing, they cannot fail to per- 
ceive the vast advance that has been made upon the primary 
or palaeozoic forms. Not only is there the introduction of 
birds and mammals formerly unknown, but the stamp im- 
pressed upon all the lower orders — corals, molluscs, Crus- 
tacea, fishes, and reptiles — ^is that of greater complexity 
and specialisation. Let them next compare them vrith te^ 
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tiary and existing forms, and note in these not only the 
forther iutroduction of tlie true timber trees and the higher 
birds and mammalB, hut also the still greater degree of 
specialisation hoth in form and function which charactcrifles 
the whole ; and unless hlinded by prejudice or incapable of 
discemment, they cannot refuse assent that there has been 
a progress, and that this progress has taken place in a way 
BO connected and definite as to lead to the unavoidable 
CODTiction of an all-pervading law of development 

Aa Economic depositories the secondary formations are 
year after year assuming greater importance. Not many 
years ago, building-stone, limestone, lithographic slabs, 
fbUe^s earth, rock-salt, gypsum, and chalk, were the prin- 
^lal products extracted; but now ironstone like that of 
Clevelflnd in Yorkshire, coal from many fields (Austria, 
India, Indian ialanda, Brazil, Virginia, Vancouver, and 
other regions), coprolitea or phosphatic nodules for manure, 
hydtauUc cements, and other substances are largely obtained, 
and as foreign anrveys are extended, will in all hkelihood 
be met with in still greater abundance. Tho geological 
mapping of the world, by competent authorities, is merely 
in its infancy;* but aa this proceeds the secondary systems 
no gradully revealing a larger amount of economic treasures, 

' The Bnney of our owu islands, though comnianccd nmny years ago, 
k tot half campleldd ; and those of our colonial posseasiong— Canada, 
tht West Indies, India, Aoatralia, and New Zealand— are loerely in 
UA Erst stages. The same may be aaid of other European countriea, 
Bwt of w]ii<:h liave made some progress with their surveys, but atiU 
W OiB want of mora minnte and aecurata information. The Amarl- 
na States aorvey, begun with grant ardour, has heen flnished only in 
afcw instances ; while -with the geology of South America, Arctic Aine- 
rim, Asia, and Africa, we have the slightest and most imperfect ac- 
IDtintance. Till all these areas have beau more thoroughly explored, 
it vere presumptuous lo dogmatise, and idle to speculate, either aa to 
Ibe seioatiflc aspects or the economic importance of the several stratified 



200 THE 8E0ONDABT A6E& 

and exciting an interest more in keeping with that which 
has so long been attached to their palsBontological and 
purely scientific aspects. In corroboration of this we need 
only refer to such discoveries as the Cleveland ironstone, 
which within the last dozen years has wrought such a re- 
volution on the aspects and industry of northern York- 
shire ; to the deposits of rock-salt near Middlesborough on 
the Tees and in Antrim ; and, above all, to the feet that 
the main coal-fields of India and the East are of secondary 
origin. How changed the aspect of opinion within the last 
thirty years, when our predecessors, generalising from their 
limited knowledge, regarded coal and iron as belonging 
alone to formations of earlier date, and sought for traces 
of their existence only in connection with these primary 
systems ! But so it ever is ; the more limited our acquaint- 
ance with nature and nature's operation, the more restricted 
our notions of her bounties, and the less prepared are we to 
avail ourselves of their benefits and amenities. It is only 
when mankind have taken the wider survey that they can 
arrive at sounder conceptions, and forego the conclusions 
they had drawn from their local and circumscribed expe- 
rience. 



TEETIARY TIMES. 



— FtOBA AND rAUKA OV TUB RESPECTIVE 



When the earlier geologists arranged the stratified rocIcB of 
the earth-crust into Primary, Secondary, and Tertiary, they 
closed the Secondary with the Chalk, and regarded us Ter- 
tiary all the sediments that occur aliove that formation. In 
their estimation Tcatiary strata wore comparatively limited, 
and they had no conception of the extent, thickness, and 
variety of sediments, or of the long periods which this 
thickness and variety of deposits moat necessarily imply. 
To them primary was equivalent to universal ; secondary 
was still very extensive, though not universal j but the ter- 
tiaries were mere local patches occupying shallow dcprea- 
sions in the older formations. Aa research went forward, 
however, modem geologists liegan to discover that tertiary 
strata differed widely among themselves iDoth in composi- 
tion and foBaU. contents, and that as a whole they were 
entitled to le ranked in schemes of classification as a syatem 
of sedimentary deposits. It was also found that while all 
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these sediments, or rather formations of eedimentfi,^^^! 
highly foBaihferous, they were coveted over, at least in the 
greater portion of the northern hemisphere, hy thick maases 
of bonldery clay and gravel, devoid, or all but devoid, of 
fossils; and this bouldery clay was considered as necesBarily 
limiting or closing the system. In this way the Tertiary 
of the earlier geologists became to be broken up into Ter- 
tiary and Qitatemary — the former embracing all the strata 
that lie between the Chalk and Bonlder-CIay, and the 
latter the boulder-clay and all those superficial accumula- 
tions that have since been formed, or are still in process of 
fonaation, hy the ordinary agencies of nature. Tabulating 
this arrangement, we have the 

Quaternary, or Post - Tbrtiabt, embracing all the 
superficial clays and gravels, the peat-mosses, swamp- 
growths, coral-reefs, lake-silts, estuary-silts, and sea- 
silts, with the boulder-clay beneath ; and the 

Tertiary, all the regularly stratified days and gmvfll^ 
marly limestones, gypsums, and lignites or broira- 
coals, that lie between the Boulder-Clay and the CliaDc 
formations. 

In other words, the Quaternary or Post-Tertiary embracw 
the rocka and records of the current epoch; the Tertia^, 
the rocks and records of a period that long preceded. And 
this not a brief period, but one of long continuance — eo 
long, that during its currency there were many oBcillations 
of sea and land, many extinctions of genera and spedaa, 
and many introductions of other and newer races. 

As might be expected in a system embracing a loi^ 
period of time, the rocks and foGsUs of the earlier tertiaiiei 
differ considerably from those of the later ; and hence their 
ikmiliar arrangement into lower, middle, and upper; 
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into eocene, miocfne, and pliocene, if we take, as Sir Charles 
Lyell has done, the relative proportions of receat and fosgil 
ehells which occur in the successive atagoa." But whatever 
the nomenclature we adopt, it is clear that the clays, sands, 
gravda, mads, linieatones, gypsums, and lignites which con- 
stitate the tertiary system are the varied sediments of lakes, 
estuaries, and shallow seas; and that in general the extent 
and boundaries of these areas of deposit are more apparent 
than those of the earlier systems. Indeed, many of the 
tertiary deposits occupy limited spaces in the existing 
continents, and thus we are led to infer that something 
like the present distribution of sea and land had then begun 
to prevail. At all events, much of the existing dry land 
was then above water, and supplied the material for the 
sediments, aa well as the habitats for the terrestrial flora 
and fauna of the period. Of course, it is not contended 
that the continents had then assumed their present outhnes, 
nor that many lands then existing are not now submerged ; 
but it is indicated that there is considerable relationship 
between Tertiary and Recent times, and that the fossils of 
the Old World tertiaries are more akin to the living plants 
and animals of the Old World than to those of the New ; 
while, on the other hand, the tertiary fossils of the New 
World hear a striking resemblance to the plants and 
animals that still flourish there. In other words, we are 
approaching in tertiary times more nearly to the existing 
ordainings of nature, and may therefore expect a closer 

• Taking a iimidred sheila from the lower, a hnndred from tha middlB, 
and a liunilred from the upper tertiaries of the LodcIoh and Paria baaiiu. 
Sir Charlea found that only a small pen^estage (3 to B) of emtiog upeciea 
occnired in tlia lower, hence eoetKt (Gr. sm, dawn ; iainos, recent), or 
dawn of eiiflting things ; that the nnmher of eiistjng specioB waa some- 
what less than the extinct (25 to 40) in the middle, hence rtiotene {msion, 
leea), that Is, less recent than the eiiating ; and that in the upper the ex- 
iidng epeciee exceeded the extinct (70 to 90), hence pliaceiie ipleion, mare], 
that Ib, more recent than the middle or loner divisions. 
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rosemlilaiico ia all the phenomena, physical and vital, than 
it wsB possible to trace hetween the present and any of the 
remoter epochs.* 

Ab Bocka there is nothing difficult to comprehend either 
in the nature or composition of the tertiary eedimenta. In 
one iasin or area of deposit we have alternations of sands, 
gtavelfl, clays, and lignites; in another, sands, gravels, clays, 
limestones, gypsums, and lignites; and in a third, claje, 
lignites, marls, and interstratihed overflows of lava or showerB 
of volcanic ashes. AU these alternations are well displayed 
in the tertiary hasins of London, Hampshire, Paris, Au- 
vergne, the Lower Rhino, and Vienna; and the observer 
baa no greater difficulty in comprehending the nature of 
these successions than ho has in interpreting the aedimente 
of any lake or estuary of the present day. In some basins 
the limestones may be hard and compact, or even siliceous, 
like the burr-atone of Paris ; in others the sands may be 
consolidated into sandstones ; in some, the hgnites may 'be 
peaty and woody, while in others they are scarcely distin- 
guishable bom ordinary coal ; but taking them nil in all, 
the tertiary strata present few difBcuIties either as regards 
composition or the agencies concerned in their formation. 
In some of the areas of deposit, as evidenced by their fossils, 
the strata are strictly marine, in others they are fresh-water 
or laeuatrine, and in some, again, there is an admixture of 
sea and river silts, which are conseqnently regarded as estvr 
arine or fiuvio-marine. Just as at the present day sueh 
seas as the Adriatic, JHuxine, and Caspian are receiving theii 

• The reader wbo will take the troutle to consult a geological map ri 
Europe will see at a glance that much of the contineot was occupied bf 
seaa and lakes during the Tertiary period, and that it wai not till towardi 
the eloBO of the epoch that aa a laad-niBsa It began to a^iume it« elietlig 
configuration and dimensions. Aa with Europe, so to a great eiloil 
with Asia and Africa, but notably so with North and South Americ*. 
The great land-maaaea had then beenmerely blocked ont, aa it were; their 
exlsUng aspects aie the results of Tertiai? and Qnatemaiy modificBtiom, 
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contemporaneously with the deltic deposits of the 
1*0, Danahe, and Volga, and theae agftin contemporaneously 
with the silts of the Yenetian and Hungarian lakea ; bo in 
tertiary times the same sort of operations went aimultan.©- 
oualy forward, and thus we find throughout the system a 
variety not only of sediments, hut of fossils, though all 
belonging to one great and continuous period of worid- . 
history. , 

There were also throughout the deposition of the tertiary 
strata ahundant manifeatationa of volcanic activity, and in 
few tertiary districts are there wanting the cones, crateri- ' 
form, hills, lava overflows, aah-heda, and trachytic tuiae that 
mark the comparative recentaeas of their production. In 
Central France, the Lower Hhiae, Italy, Hungary, Greece, 
Weatem and Central Asia, Auatralia, and New Zealand, 
euch evidences are everywhere abundant, and even in out 
own islands the basalts of Antrim and the trap-tulfs of Mull 
preaent their concurrent testimony. Less cryatalline than 
the greenstonea, felatonea, and porphyries of the secondary 
and primary periods, and more compact than the lavtis and 
cinder-beds of the present day, the tertiary traps are readily 
dietingnished; and even where most consolidated, their age 
is easily determined by the associated strata. In Auvergne, 
the Lower Ehine, and Greece, they are found with beds of 
eocene and miocene age; in Australia, basaltic overflows 
oovBT auriferous gravels of pliocene date; and in New Zea- 
lond they spread over lignites of perhaps still later origin. 

As a Life-period the tertiary system stands in remarkable 
contrast with all that we know of the preceding formationa. 
In these the scheme of life, as now known to us, was incom- 
plete — either some great order being largely predominant, 
or one or more orders altogether wanting. Taking the 
fauna alone, the Laurentian, Cumbrian, and Silurian were 
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characteriaed by the general absence of Tertobrata; in the 
Old Red Sandstone we had no reptiles, nor birds, nor mam- 
mala; in the Coal no birds nor mammals; and in the 
secondary ages nothing apparently higher tlian marsupials. 
But now, and for the first time in the histoiy of the earth, 
we are presented with all the great orders of plants and 
animala, and were it not for certain forms that have become 
extinct and others that are peculiar to the current epoch, 
we could almost fancy we were dealing with the botany and 
zoology of the present day. So far as they have been criti- 
cally examined, the plants of the lower European tertiaries 
indicate a much warmer climate than now prevails over the 
same latitudes; and this higher temperature was in all like- 
lihood brought about by the pecub'ar disposition of the sea 
and land. Broad rivers flowing from tropical latitudes, and 
inland seas extending longitudinally into sub-tropical or 
even tropical zones, would be sufficient to account for the 
presence of palms and other allied vegetation in the lignites 
of Europe ; and what we already know of the boundaries 
of the lower tertiaries, affords the best reason for beheving 
that such were the great geographical arrangements of the 
period. In our reasonings on former climates we are too 
apt to look to mere zones of latitude, without sufficiently 
allowing for disposition and altitude of land, the trend of 
oceanic currents, the prevailing set of ivinds, the effects of 
atmospheric humidity, and other similar incidents fey which 
the luxuriance or sterUity of life is often more immediately 
affected than by mere propinquity to the equator. During 
the deposition of the middle and upper tertiaries the climate 
seems to have gradually declined, and the European lignites 
of these periods exhibit a flora bearing a striking iflsem- 
blance to that which now flourishes in North America. 
We say " European hgnitea," for the Hgnitea of Eastern 
Asia, of Sew Zealand, and of British America seem each to 
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e oharacteriHecI by its own peculiar plants, and these for the 
moat part having a general relationship to the existing vege- 
tation of the same regions. It must be admitted, however, 
that the flora of all the tertiariea — lower, midtUe, and upper 
— ^requires much more minute botanical investigation; and 
till thia is done, geologists can ofl'er little more than mere 
approximations to the conditions of the period. 

Like the flora, the fauna of the lower tertiaries would 
seem to imply the existence of genial conditions at once of 
climate, food, and habitat. Gigantic sharks, turtles, cro- 
codiles, and sea-serpents in the basins of London, Paris, and 
the Kline, indicate much warmer waters than these lati- 
tudes now enjoy ; while elephantine, tapir-like, camel-like, 
lion-like, and ape-like forms among their terrestrial fauna 
point unmistakably to aub-tropical or tropica! surroundings. 
Nor is it mere variety of generic and specific forms among 
these mammalia, but their huge size and vast numerical 
abundance, that point in the same mamiet to favourable 
conditions of existence. Indeed, one of the most remark- 
able features in the life of the period is the vast bulk of 
the mammalia aa compared with the same orders still exist- 
ing. This mossiveness of structure runs throughout all the 
divisions of the system — lower, middle, and upper — and 
marks alike the tertiary fauna of Europe, Asia, America, 
and Australia, If the number and magnitude of reptilian 
forms that thronged the secondary waters have conferred 
on that cycle the designation of " The Age of Reptiles," 
the number and magnitude of mammalian forms that peo- 
pled the tertiary lands may in like manner entitle this 
period to be signalised as "The Age of Mammals." PaltE' 
oflieres, or tapir-like beasts, huge as elephants ; sivatheres, 
or antelope-forms, taU aa giraffes; mcgaikeree, or sloths, 
we^htier than the weightiest hippopotamus ; glyptodons, or 
armadJUoes, that could enclose a score of the living species 
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under their ahiolds ; macravchenes, or Uama-forma, bidky &b 
camels; hy(p.nod(na, or hyoeiins, stronger than tigera ; dipro- 
todong, or kangaroos, heavier than oxon ; and colosaotliela, 
or carapaced turtles, full fourteen feet in diameter, are but 
landom instances of the rolossal stnictnres that have heen 
exhumed frora the sediments of the tertiary epoch. In 
this respect the fauna of the period seems to corrohorate 
the idea that there is a culminating point in the life of 
orders, as there is in the life of individuals — a period 
when they attain their maximum development in numbera, 
variety, and magnitude, and after which they gradually 
decline and disappear, to make way for some newer and 
advancing order. Or as it has been put by one of the most 
recent writers on eyatematic geology (Professor Haughton), 
" it appears to be an almost universal law of life on the 
globe, that each group of organic beings increased in die 
and in importance in an uninterrupted line from the com- 
mencement of its existence, until its members reached Uudl 
maximum in aome short time — I mean, short as com- 
pared with their whole life-history — after their originsl 
crefition and appearance upon the globe ; and it would 
almost seem as if, having reached that maximum of de- 
velopment, they then commenced a process of degeneracy 
and decline," 

Another remarkable feature in the tertiMy fauna is the 
prevalence of what are styled " intermediate forma," that 
is, of creatures partaking of the characteristics of two or 
more adjacent orders— a sort of interfusion, as it were, of 
families and genera, which now stand distinct and separata. 
We have thus elephant-like tapirs, camel-like stags, giraffe- 
like camels, horse-hke antelopes, lion-like bears, tager-like 
hysenas, and numerous other inosculating forma, wMtdi, 
had they existed now, would have filled up more closely 
the meflhes of the great network of existence. Nor is it _, 
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among the mammoliii alone that this gigantic eize and 
peeoUarity of form make their appearance ; for hirds, rep- 
tiles, and fishea partake of similar characteristicB, and point 
to fie same favourable conditions of growth, and to the 
same great law of Btruetural relationsliip and development. 
We say stmctural relationship, for, as has been well re- 
marked by Professor Jukea, " in speaking of these extinct 
animals as forming links between our existing forma, we 
m.u3t never forget that the living forms are not the types, 
but the variations irom the types. Wo are apt to assume 
that the forms with which we are most familiar are the 
most simple and natural ; but the scientific naturalist often 
finds some extinct form as the simple archetype, from which 
numerous others have departed more and more by variation 
and combination of parts in subsequent periods," We are 
right when we speak of these tertiary mammals aa holding 
an intermediate place between some existing forma, but we 
are wrong if we consider them on that account to be either 
more complex in structure or varied in function, "A 
three-toed horae (hippotherium) would now be looked on," 
gays Mr Woodword, " aa a lusus naturts; but in truth, the 
ordinary one-toed horae of the present day ia by far more 
wonderfiih" 

We have already remarked, that though the distribution 
of the tertiary seas and landa difiered considerably from the 
present, there must still have been a certain approximation 
to the present arrangement, inasmuch as the tertiary flora 
and .fauna of every region, and especially of the later ter- 
tiaries, bear a considerable resemblance to the plants and 
un i'TialH that yet flourish there. There may be local difler- 
ences among the tertiary basins of Europe and Asia ; but 
still throughout the whole there ia, if we may ao phraae it, 
an aspect of CHd World forms. The species and genera 
may differ, and there may be forma that stand intermediate 
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between two or three conterminoua families j yet, on the 
whole, we see in the mastodons and mammoths, the paleeo- 
theres and aiioplotheres, the hyopotami and chiBropotanii, 
the sivatheiea and meiyoothercs, the machairodons and 
hysenodnne, the protofypea and forerunners of the elephants, 
rhinoceroses, hippopotami, river-hogs, antelopes, giiaffig, 
camels, horses, oxen, lions, tigers, and hyienaa, that now 
inhabit the eastern hemisphere. In hke manner the me- 
gatheres, mylodons, glyptodona, and macrauchenes of 6 
America, were the gigantic forenmnera of the sloths, e 
dilloe8,and llamas that now people that continent; whUstho 
diprotodoas, zygomatures, and nototheres of Austraha, fore- 
shadow the kangaroos and wombats so exclusively ehsMC- 
teriatic of that peculiar suh-continent.* Everything, indeed, 
both in flora and fauna, indicates the approach of exiating 
nature ; but this, as in all other coamical operations, ty 
slow and gradual steps — the eocene, miocene, and piiocene, 
each having its own special phases, and these diveiginj 
from those of the current epoch according to their reUtiva 
distances in time. 

"What a picturesque and luxuriant scene theae grtSBy 
plains and glades and river-banka of the old tertiary tiaMS 
must have presented I Uplands fretted with scruh, !»■ 
goons and river-creeks fringed with palms and tropal 
forest-growths, and awampy deltas teeming with tan^g 
jungla Hcrda of antelope- and horse-like forms (anoplo" 
therea and hippotheres) scattered over the uplands ; canu- 
vora (hyjenodon and cjnodon) lurking among the rocks uA 
huahes by the woter-springa ; elephants, tapirs, and wart- 
hoga (mastodona, paheotheres, and hyopotami) down by ^ 

' By speniBul of the illnatrationa in any work on Paleontology, indl^ 
Owen's ' Fossil Mummala,' the non-scientific reader will be enablwl to M"* 
ttfl resoiQlilimco between theae eitinct fomiH and the eiisting &niil I 
mora readily tluxn b; any amount at verbal descriptioiL 
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fr-aide ; and liuge amphibia {halitheres, diuothares, and 
crocodiles) lazily Ennning themselves on the islets and mud- 
banks of the far-spreading delta t Plain, lake, estuary, and 
[ alike with life during the warmer eocene; 
ahonnding in milder forms during the still genial miocene ; 
and gradnallf assuming more temperate aspects as the 
pliocene approached more nearly to the ordainings of the 
OBirent epoch. Such -were the leading aspects of the Ter- 
tiaiy Times — times enjoying tho genial aurroundings of a 
peculiar geographical distribution of sea and land, and only 
bronght to a close by now terraqiieona arrange,ments inimi- 
cal (over the greater portion of the northern hemisphere at 
least) to vegetable and animal luxuriance. 

As Economic Repositories, the tertifuy formations, though 
greatly inferior to some of the older systems, are not with- 
out their local importance. Brick and pottery clays, sands 
for glass-making, fuller's earth, tripoh or polishing-stone," 
gjpsum or plaster -of -Paris stone, limestones, hiirrh for 
millstones, and a great variety of lignites or brown-coals 
with, their associated gums and aml>er,+ are among their 

* Theae polishing, infusDml, or micropliytttl eartlis are ttmong tlie 
it wonderfiil of tertlBry and. reeeat acciiinulBtioiia, alike from tlielr 
% and the vast tbicknesa to tvhli;h they aametimea attain. Accord- 
to ProfMsor Dana, the infneorial earth of Virginia is in some places 
kat thick, extends from Honing Ba; in the Chesapeake, Maryland, to 
Bihurg, Virginia, or beyond, and is throaghout an accnniiilation of 
bdlceooa cemBias of microscopic organisms, moatl; Diatoms. A still 
Ttter bed, exceeding 50 feet, eiiats, according to Mr W. P. Blake, on 
la Faotlio at Monterey, and is white and porous like chaSk. The 
"polishing powder " of Tripoli and Bilin, and the " mountain meal" ot 
f Twany, Sweden, and other countries, are kindred accumnlatlons. 
I t In some of the later lignites, liks those of Northern Osrmany and 
I Bnnnab, amber and other loesll gums and resins are found in all bnt 
■ "nir original attachment to the trees from which they were emded. 
*M in tbesB ambers the insects of the tertiary foreat arc often as per- 
tly preserved as the specimens in the cabinet of the most fastidious 
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most prevalent and valuable products. These lignites, in- 
deed, are year after year being discovered in new areas, and 
are rapidly rising in economic value, as the only fuel in 
many localities either for household or for manufacturing 
purposes. Germany, Italy, Austria, Hungary, Farther 
India, "N&w Zealand, Vancouver Island, the Northern 
Prairies of America, and other regions, are each possessed 
of their brown-coals, which will be more and more sought 
after, and more and more valued, as manufactures, railways, 
steamboats, and kindred modern appliances extend their 
influence and demand the cheapest and readiest supply. 
Compared with the older coals, many of the tertiary lignites 
are no doubt inferior; but as the demand increases better 
methods of consumption will be invented, and many of the 
objections obviated which now stand in the way of their 
being more largely raised both for domestic and manufiic- 
turing purposes. There is thus no formation, however old 
or however recent, that is not invested with industrial as 
well as with scientific interest — all that is requisite being 
research to determine the nature of their products, and skill 
sufficient to procure and apply them. 
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I^EBB is no BDbBtODce in natnie eo protean in form, eo 
incessant in circulation, or bo multifarious in its functions 
u water. Now uerifonn, now liquid, now solid ; now in 
the ocean, now in the atmosphere, now percolating the 
earth's cmst, now coursing its surface and hurrying again to 
the ocean ; now supplying the wants of plants and animals, 
DOW wearing down the earth in one part, now accumulating 
I new mateDol in another, and anoa locked up, as water of 
crystalliflation, in the mineral structure of the globe for 
ages. The sum of its existence is change ; the whole course 
of its history a series of marvels. It is, however, only 
with one feature of its existence, and with a small portion 
of its history, that wo have to do in the present instance ; 
igh we have necessarily to glance at its general deport- 
ment nndei heat, the incessant modifier of its form, and the 
gKttt propeller of its circulation. 

At ordinary temperatures, as every one knows, water 
appears in the liquid state ; at high temperatures it passes 
apidly into the vaporiform condition, ajid at low temper- 
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aturea it becomea solid and crystalline. At 39° Fahr., or 
thereabouts, it appears to be at its maxiimini density ; ut 
that temperature and above it, under favourable conditioM 
of the atmosphere, it is incessantly passing off as invisible 
vapour, and diffusing itself through the air; and at 213°, 
under the usual sea-lovel pressure of the atmospheta, it 
boils, and is rapidly converted into steam. From 39° down 
to 32°, it appears to suffer little change in density; but at 
and under 32° for iiesh water, and 28^° for salt, it is sud- 
denly converted into the crystalline or solid state, and ia 
then known as tee. In this state it has expanded, become 
lighter, and necessarily floats on its own liquid surftcsi 
Ice, then, in ordinary language, is solid or frozen water. 
From its crystalline structure it occupies more space tliM 
when in a liquid state ; hence its hghtness and flotation, 
which are farther increased by the number of air-cells wlioh 
are always less or more entangled in ita ma^.* Comparod 
with water at 60°, whose specific gravity is 1, ice is found 
to be only .913; hence it floats with about one-ninth of its 
mass above water, and the remaining portion below. Bang 
formed at 32°, ice may be said to be then in its normal 
condition; but at lower temperatures it slightly contracta, 
aa was long ago proved by experiments on the ice of tlie 
Neva at St Petersburg.t It is this ice, its various aspects 
and functions, that forms the subject of the present Sketch; 
only from water that haa been subjected to boiling th&t ioo (rw 
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t In furtber proof of tbia contraction, we may cite Sir James Bob, 
who saya — " We liavo often in the arctic regioaa witnessed the aatoniili- 
ing eflecta of a sudden cbaiigH of temporature ilnring tbe winter wuon 
Upon tbe ice of 'Uie freah-water lakes, A fall of thirty or forty degrue tS 
the tbonnometeT immediately occosionB large crai^ka, traveisisg the wbelB 
extent of the lalis in eier; direction ; some of tbe cracks opening ia 
placee several incbea by tbe contraction of the upper anrfaeu in coniiet 
with the estrame cold air ol tbe atmospbEre." It is also partly by Oai 
contractilfl force that tbe ice-batiiera and ice-walls of the polar aeis alt 
broken into floea and fr^menta. 
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its geological operations being thoae, of course, to wliicli 
liie attention of the reader will be more especially directed. 

In treating of Ice in a popular way, it ■ may be conveni- 
ently arranged under three great categories— ice in the 
atmosphere J ice on land; and ice on water. The ice or 
frozen water in the atmosphere is the great Eursing parent 
of the ice on land ; and the ice accumulated on the land 
becomes in the long-run ono of the moat renmrkahle fea- 
turea of the ice that floats on the water. As the vapour 
that ascemls from the ocean is condensed and falls as 
rain on the land, and this rain finds its way again hy runnel 
and river to the sea ; so the vapour frozen in the air descends 
oa the land, where, accumulating for i^es, it slowly grinds 
and pushes its way once more to the ocean. In this way 
all the forms of ice are inseparably connected tu one great 
and incessant round of circulation, and we only separate 
them provisionally for the purpose of inteUigible descrip- 
tion, rirst, then, as regards (he ice in the atmosphere, the 
most casual observer must have noted the frequent forma- 
tion of hoar-frost, snow, and hail The rapid radiation of 
heat fium the earth's surface, hy which the inviaihle vapour 
of the atmosphere is converted into dew, has only to be 
carried beyond the limi t, of 32", when hoar-frost is produced, 
cdsping the herbage, or floating, in still conditions of the 
afr, in clouds of crystalline spicules. A more rapid con- 
densation of rain or vapour produces liail, which may occur 
at all seasons and under every latitude, and may laU in soft 
snowy drops, or peDets of ice, from the size of a coriander- 
seed to that of a pigeon's egg, and often with destructiTe 
effect on the crops of the farmer. ^Neither hail nor hoar- 
frost, however, esercisea any perceptible influence on the 
rooky suriace ; and it is chiefly in the condition of snow that 
ice in the atmosphere becomes of interest to the geologist. 
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This anoiT, formed of frozen vapour, and composed of my- 
riads of the moat delicate geometrical crystale, occnis dming 
winter in all the higher latitudes, and at great elevationa in 
all latitudes, wherever the Burroimding air falls below fta 
average of 32°. As the atmosphere frequently consists of 
strata of different temperatures, snow may "be formed in the 
higher regions, and yet in falling may pass through a wanner 
stratum, and be melted into rain before it reaches the earth. 
But in ordinary circumstances it falls on the land-sarfaceia 
soft downy flakes ; and if that surface be at or under 32°, 
it often accumulates in great thickness, and especially in all 
the higher and colder regions. In the lower grounds it ifl 
melted and carried oif by the next thaw ; in the h%her 
mountains, where it falls in dry needle-like crystals,* and 
rarely or ever in flakes, it may endure, summer and winter, 
for generations. But even there it cannot remain imr 
changed ; summer suns and the pressure of newer accnrnn- 
lations condense and urge it downwards — firat as neo^,+ ol 
snow-ice, and ultimately as the pure transparent ice of flw 
glacier. Here, however, it liecomea ice on land, and &l]a to 
be considered under a different section of our subject. 

T.ike ice in the atmosphere, ice on land occnrs chiefly in 
the higher latitudes and at great elevations ; though under 
a clear sky and extreme night-radiation, ice may be formed 
on the ground even in sub-tropical and tropical countries.! 

' The Bauds of the burning desert are not so ligiit nor so esaily moved 
as this drj crjstalline snow-powder of the loftier mountains. The siightait 
breath diaturba it ; the storm-wind BTrsepa it from the expoasd heights, 
und drifts it into tlie sheltered gcrgee in mn.<<seB hundreds □[ feet in 

+ Xhi—ibe name given to the stratified Blightlr ■ compressed anew 
of the higher Alps before it is condensed into the crfstalline ice of the 
glacier. 

J The destrnctlve effscta of these tiight-froata, under a dear, dry, and 
serene sky, are now unfortmiately toowell known to our Auattalian sheep- 
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^^^nr own islands, every one must have witneesed the 
effects of frost on the rocks and soils. The water held in 
the pores of all rocky Buhstancea is rapidly converted into 
ice; in thia state it expands, pushes asunder the par- 
ticles, and when thaw comes, the separated particles, having 
lost their cohesion, necessarily fall asunder, and are ready 
to be carried away by winds, rains, and ninnela of water. 
The force with which water expands in freering is tremen- 
dous. The stroiigest vessels are burst asunder ; the hardest 
rocks are spht into chips and fragments. Every winter we 
see its effects in the disintegration of our ploughed soils, 
and in the mounds of debris at the foot of our cliffs and 
precipices. But under our insular climate the effects are 
trifling compared with what takes place in higher latitudes 
and in more elevated regions. In the higher Himalayas Dr 
Hooker found the cliffs and precipices rent and ragged with 
its force, and the ravines choked with the ruptured blocks 
and fragments j in Norway every peasant can point to the 
mounds of angular blocks as the work of the " Bergrap ; " 
and in Spitzhergen the Spanish Expedition found the 
sea-cliffs fresh with recent rupture — every winter severing 
with its icy wedge, and every summer dissolving the connec- 
tion. It ia needlesB, however, to multiply instances; every 
intelligent mind must perceive the power of this recurring 
ice-force, and its universality, in all the colder and higher 
regions of the globe. And he has only to allow sufficient 

fennera. Even in tba deaerta of Africa, Amliia, and Peraia, European 
travellera linve felt their effecta. In Bengal, where ke is never formed 
naturally, advantage ia takDQ of the priuoiple for its artificial pro- 
doction. Shallow pita are dng, which are partially filled itith straw, 
and on the straw fiat pans, containing water which haa been boiled, are 
eipaaed to the cleaTj dry, and serene ftrmament. The water is a power- 
fnl radiant, and sends off its heat rapidly into space. The heat IJinB 
lost cannot be supplied from the earth, this source being cut off by the 
nan-conducting straw ; and before stmrise a cake of ice is fonned in each 
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duration, and every peak and precipice would be rounded 
and worn down by its power.* 

In all the higher latitudes, saavr, we have said, falla less 
or more during winter, and melts away during Bummer.t 
Eat in all latitudes there is an elevation at which it liea 
perennially, and this elevation wiU differ, of course, with 
the latitude. This limit, above which Bnow liea at all 
Beasona, is known aa tlie mow-Une, or line of perpetual con- 
gelation; and though it ascends a httle higher during buio- 
mer, and descends a little lower in winter, it is, on the 
whole, pretty stationary in every region of the globe. Of 
course, it will come nearer the sea-level in high latitudes, 
and aecend higher and higher as we approach the equator; 
and thus it is that we have it at 1500 feet in Spitzbergen, 
2'100 at North Cape, 5000 in the Dovrefelds, 9000 in the 
Alps, 12,000 in the Atlas range, and on an average about 
16,000 feet unilor the equator. In all the higher r^ona, 
thereforoj this enow accumulates enormously, and would 
continue to accumulate were it not for three causes which 
tend as incessantly to prevent it. These are, Jimt, atmo- 
spheric causes, such as summer's heat, warm winds, and 
occasional rainjalls, which partially dissolve it ; second, the 
mechanical pressure of the accumulating mass, which ever 
tends to ui^e it forward and downward to lower levels ; and, 
third, the land-slopes, which afford greater ot less facilitiae 
for its descent. As it descends by these means, so it melts 

• The leader who takes intereat in this matter will find marvelloiiBilliu- 
Btrationa of the power of frost in encli works as Von Wrangetl's ' Siberia,' 
Bcowaby's' Arctic Vojagea.'Roas'a 'Antarctic Voyage*,' lUidDr Hookor's 
' Himalayoa Journal.' 

t Though snow ia tlia necessary prodoct of cold, yet in all tempeoite 
aod ooldly-tenipBrate latitados a good heavy snowfall is Imneilcial in pro- 
tecting vegetation from the eeverity of loug-contimifld frosts. Suuh a covuT- 
ing is usually knom aa the tnou-blaitet, and in central and nartbtm 
Enrope its abseuce in early spring is often followed hy moat destnuitive 
remits to tlie youiig growths of the fanner and gardener. 
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away, and ts carried by nmnel and river to the ocean, again 
to be raised as vapour, again to be frozen and fall aa anov, 
and again to be urged downward aad melted to water. 
Occasionally its descent from tlio mountains is sudden and 
abrupt, as in the avalanche, wbich breaks away wlien the 
gMTity of the mass becomes too great for the slope on whioh 
it Teste, or when fresh weather destroys its adhesion to the 
Huriiice. These snow-sUps, or ratlier soow-and-ice slipB, 
are frequently most destructive in their effects, and are the 
dread of the traveller and inhabitant on mountain regions 
like the higher Alps and Himalaya. These are usually 
distinguished as drift, or those caused by the action of the 
wind on the snow while loose and powdery j rolling, when 
a detached piece of snow rolls down the steep, licks up the 
snow over which it passes, and thus acquires bulk and im- 
petus as it descends ; gliding, when the mass loses its adhe- 
sion to the surface, and descends like a land-slip, carrying 
everything before it unable to resist its pressure; a,Tid glacial, 
when masses of frozen snow and ice are loosened by the 
heat of summer, and precipitated with crushing effects into 
the valleys below. 

The great and persistent result, however, of this moun- 
tain-snow, is the glacier — the " ice-sheet " of the flatter 
heights, and the " ice-river" of the gleaa and ravines — 
irlueh is ever pushing and grinding its downward way till 
it finally melts and becomes the gladdening stream of the 
lorei valleys. The snow that falls on the higher peaks, 
being partially softened by the warmth and rains of sum- 
mer, is converted into a sort of " snow-broth," or " slush," 
as the Scotch would call it, and has necessarily a tendency 
to move downward by its own gravity, however gentle the 
slope on which it rests. Pressed on summer after summer 
by newer masses, it gradually assumes greater consistence, 
loeea the dull aspect of frozen snow, and passes into the hard 
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tmnBparent state of the glacier or ice-river. In its primary 
stage it is tecimically known as nivS or ioe-anow; and this 
hM, wLich etands intermediate between the pure uneunned 
snow of the winter heights and the moving glacier, is re- 
garded as the fond or foimtain of all true glaciere. Ever fed 
! Bnowfalla from above, it is gradually pushed down- 
by the force of gi'avitation, and in turn, propela the 
glacier, whoso own weight and partial mobility also asBJat 
the downward movement. The whole is, in fact, one great 
motion, just as it is part of the great circulation by which 
the water of the ocean is disseminated throi^h the air and 
over the land, and the water of the land returned once 
more to the ocean. Acquiring volume and weight as it 
descends (and some of the Alpine glaciers are from 80 to 
600 feet in thictness), the glacier grinds and smoothes the 
rooks over which it passes ; and this it does by the earth, 
gravel, and rock-debris which become incorporated with its 
mass, and which act like so many rasps and chisels on. the 
rocky surface. Slow in its motion, but persistent and iits- 
sistible, its course is ever downwards, and marked by abra- 
sion, rounding, smoothing, and striatioa of the subjacent 
rocks. And as it descends, the blocks and debiis, loosened 
by the frost from the adjacent cliffs, fall on its surface, and 
are borne along in long winding spits, till the masa finally 
melts away in the lower valleys, and then this rock-debriB 
is left in mounds or moraines. These moraines — some dL 
which are lateral, or on the sides ; some medial, or in the 
middle ; and some iermhial, or at the melting end — bear 
ample testimony of the destruction that has taken place 
among the rocks above, and yet it is, but a small portion 
of what has been discharged as impalpable mud by the dis- 
coloured stream that issues from the glacier. 

"Wherever glaciers occur — and they can only occur JB 
mouutaina above the snow-line, and in regions where then 
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is atmospheric moisture suflicient to produce continuous 
mows — their great geological function is to round and 
amootb. down all rocky asjieritiea, to round off projectiong, 
aad produce rocJiee^moidonnSes as they are termed, to en- 
large and deepen rock-basins, and to grind out and Aino'W 
the mountain glens down which they deecend. And this 
descent, though obstructed by inequalities of surface, or re- 
tarded by the frosts of winter, never censes. Cracked and 
orevassed as the ice-mass may he by the thaw of summer, 
bard and snow-clad as it is during the froata of winter, it is 
atill on the move, as persistent as gravitation itself^ and as 
oontinuouB as the snowfall by which it is created. This 
characteristic motion is thus summed up by Principal Forbes 
in his truly philosophical work ' On the Theory of Gla- 
ciers : ' — 1. That the downward motion of the ice from the 
mountains towards the valleys is a continuous and regular 
motion, going on day and night without starts or stops. 
2. That it occurs in winter as well as in summer, though 
less in amount, 3. That it varies at all times with the 
temperature, being less in cold than in hot weather. 4. 
That rain and melting snow tend to accelerate the glacier 
motion. 5. That the centre of the glacier moves foster 
than the sides, as in the case of a river. 6. That the 8ur- 
faee of the glacier moves faster th.in the bottom, also aa in 
a river. 7. The glacier moves fastest (otlier thhiijs being 
mippoted alike) on steep inclinations. 8. The motion of a 
glacier is not prevented, nor its continuity hindered, by 
contractions of the rooky channel in which it moves, nor 
by the inequalities of its bed. 9. The crevaaaea are for 
the most part formed anew annually, the old onea disap- 
pearing by the collapge of the ice during and after the hot 
aeaaon. 

In the mountains of Norway, the Himalaya, and the Alps, 
the glacier winds its way down the glens and hollows till it 
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reaches a certain limit in summer, and a little IwyonS^ 
limit in winter ; but stUl there ia a. limit at which it melts 
away and disajipeare, leaving its terminal mound of rounded 
blocks and shingly debris. In higher latitudes, howevOT, 
Bucb as Spitzbergen and Greenland, the ice-sheet that envel- 
opes the land cornea down to the sea-shore, and, ever it^ied 
forward by the formation of newer ice inland, even projects 
its icy wall far into the sea. But being lighter than water, 
there is a limit beyond which the mass, thick and heavy as it 
may be, cannot pass, and then it becomes buoyant, is broken 
off by storms, and drifted by winds and tides and currenta 
as the iceberg over the surface of the deeper ocean. It ia 
thus that the glacier, whether disappeariBg on the slopes of 
the mountain or melting away in the ocean, fulfils the beau- 
tiful saying of De Bou^, tliat " it begins in the clouds, is 
formed by the mountains, and ends in tlie ocean." Tteea 
icebei^ or ice-raountaina are often of gigantic size, being 
several miles in circumference, and rising 60, 100, or 2O0 
feet above the water.* And when it is borne in mind that 



• The iceljei^ of the antarctic bem are generally larger, mora pieoi- ■ 
pitoufl, anii mora taliular in form than those of the arctic i while those 
of tho Utter, on the other hand, are more heavil? laden with bonldBn, 
ehii^le, and land- worn dobciB. Bir James Boss thns adverts to Bome of 
the former :— " To-day [Jan. 31, 1841) sevei'al icebei^ were seen aheid 
of us. They were cliiefly of the tabular form, perfectly flat on the lop, 
precipitooB in every part, and from 150 to 200 feet high. They bad 
evidently, at one time, formed part of the barrier (the great ice-bairiw 
that prevented his approach to the Bouthem pole, and which was M- 
timated at mora than 1000 feet iu thiolmesa), and I felt convinced, ftwa 
finding them at this season eo near the point of their fomiationi, tlMt 
they were reBting on the gronnd. The linea were immediately prepared, 
and when wc got amongst them nest morning we hove - to, and ob- 
tained soondinga in 1560 feet, on a bottom of stifl' green mud, leaving 
DO doubt on our minds that all the bergs about ub, after having brokea 
away from the barrier, had grounded in this curiouB bank, wMdi, 
being two hundred milee from Cape Crosier, the nearest known iMoS, 
and about eixty from the edge of the bonier, wbb of Itself ■ djanmry 
of considerable interest." 
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little more than an eighth of the mass makes its appearanca 
above the surface, one cnn readily form some conception of 
the bulk and weight of a " berg," and of its crushing and 
grindiiig power when drifted along at the rate of four or 
five miles an hour. But the ice that was generated on 
and has now hecomo ice on water, and belongs to the next 
diviaion of our subject. 

But before takit^ leave of ice as it appeois on the land, 
there is another condition in which it not unfrequently 
oocuia, and which is well deserving of the attention of the 
geologist and hydrographer. We allude to its formation 
and conservation in cavema and fisaores where it may have 
lain unchanged for ages. These ice-eaves, as they are called, 
are found in many countries, and most abundantly, of 
course, in all high, dry, and cold regions. In some the ice 
appears in stalactitic and stalagmitic masses, issuing from 
the roofs in fantastic cascades and wall-like screens, or rest- 
ing on the floor in cones and pillars ; in some it merely 
forms a pavement of varying thickness ; while in others it 
glitters on ail sides like a casing of the purest alabaster. 
Palseontologically, the preservative effects of such cavern ice 
must be very great j hydrographically, its partial melting 
in summer may feed the mountain-springs tliat would other- 
wise be dry; and economically, it yields to the surrounding 
districts ita cooling and refreshing supplies. In Europe 
the better-known ice-oaves or glacikres, as they are locally 
termed, occur in France and Switzerland, and those form 
Qie subject of a recent volume by the Eev, G. F. Browne, 
a perusal of which will well repay the reader,* As the 
reinject is somewhat novel, the theory of their formation, 
M given by Deluc and the author, may prove instructive ; 
and this we present with a little condensation : — 
" The heavy cold air of winter," says Mr Browne, " sinks 
* 'Icc-Cbtss of France snil Switzerland.' LoogmaDS k Co, 18SG. 
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down into the glneifcrea, and tlie lighter wai 
cannot on ordinary principles of grayitatit 
that heat is very slowly spread in the caTcs ; and even 
when some araovmt of heat does reach the ice, the latter 
melts hut slowly, for ice ahaorbe 60° C. of heat in melting ; 
and thus when ice is once formed, it hecomea a material 
guarantee for the permanence of cold in the cave. For this 
explanation to hold good it is necessaiy that the leyel at 
which the ice is found ahould be below the level of the 
entrance to the cave ; otherwise the mere weight of tha 
cold air would cause it to leave ite prison as soon as the 
spring ■warmth arrived. In every single case that has come 
imder my observation this condition has been emphati- 
cally fuliiUed. It is neceasarj' also that the cavo should ba 
protected from direct radiation, as the gravitation of cold 
air has nothing to do with reaiatance to that powerful meana 
of introducing heat. A third and very necessary condition 
is, that the wind should not be allowed access to the cave ; 
for if it were, it would infalHhly bring in Jieated air in spite 
of the specific weight of the cold air stored within. There 
can be no doubt, too, that the large surlaces which are avail- 
able for evaporation have much to do with maintaining % 
somewhat lower temperature of the place where the air 
occmrs. Another great advantage which some glaci6r« 
posaesa must be borne in mind — namely, the collection of 
enow at the bottom of the pit in which the entrance hei 
This snow absorbs in the course of melting all which stribee 
down by radiation, or is drawn down by accidental turns 
of the wind ; aud the snow-water thus forced into tha cave 
will at any rate not seriously injure the ice." So mncK 
for ice as it appears on the land ; let us next turn to ite 
aspects and functions on the water. 

The last and most obvious division of our subject, pe^. 
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haps, is that of ice on water. In all the temperatB and 
colder latitudes this is a common winter phenomenon — 
occurring whenever the thermometer falls below 32", and 
moat rapidly in clear, dry, and serene conditions of the 
atmosphere. Every one who haa wat<;hed hy the stagnant 
pool must have observed the fii'St fonnation of ice — a creep- 
ing or shtiakiEg, as it were, of the surface occaBioned by the 
incipient ice-crystals, which shoot hither and thither, inter- 
lace, and coalesce till a thin continuous crust haa gathered 
over the whole. This is the first film ; and as freezing 
takes place from above,* every successive film is formed 
more slowly ; the ice-crust as it thickens protecting more 
and more from the cold the water that lies below. Indeed 
it ia often ciuioua to observe how little will obstruct the 
radiation of heat and prevent the formation of ice. An over- 
lian^;ing tree, a few leaves drifted over the first film, or even 
a cloudy sky, is sufficient to retard or obstruct ; and though 
a clear and serene sky be ia general most favourable, yet an 
air of dry wind to remove any superincumbent vapour will 
materially promote the operation. As the frost continues 
the ice thickens, hut not indefinitely, for in water of Bufli- 
cient depth this thickening acts as a barrier to its further 
increase, and even in the coldest regions it is oidy the shal- 
lower waters that are ever completely converted into ice. 
Besides the ice that forms on the surface of fresh water, 



* This principle of freezing from Kbove ia not sufficiently taken ailvnn- 
tl{B of by our Bhatere, curkre, and ice-atorers. Instead of waiting till 
'^ iVnt has produced a aufflcient thickness of ice in the natural nay— 
ithing never to he depended on in our uncertain climate — they ought 
lo itxi the water let by degrees over the surfaees of the already formed 
Ira, md in this way its thifknesa and strength would be rapidly aug- 
n^iited. We believe tbe celebrated ice of LaliB Wenbam, now so largely 
"•sd in and exported from North America, is treated in this way— each 
■OMeaavB aurfocB being scraped and cleaQed before tlie nest overflow 
"'water. For hardness, transparency, and general beauty of mass, the 
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there ia occaaionFilly witnesBcd the rarer pli< 
ground-ice, or that which gathers in thin sheets along the 
pehbly beds of shallow lakes and streamB. These pebbles, 
losing their heat by radiation quicker than the water — for 
heat radiates through as it does irom the surface of the 
transparent water — act as points for the formation of ice- 
crystals, and these passing from stone to stone, shortly 
convert the entire pebbly bed into a crust of ice. We have 
seen in a shallow ford of a Scottish stream ground-ice fully 
an inch in thickness when the stream itself was still flowing 
and unfrozen. This ground-ice, when broken up by freahete 
or other causes, floats down the stream, bearing with it its 
burden of encrusted pebbles, and thus becomes in nature a 
curious means of geological transpnrt. Pebbly gravels may 
thus be laid down in situations where no current of water 
could carry them ; just as Deaa and Simpsonfound the ice- 
cake of the arctic shores driven forty or fifty feet above tie 
sea-level, and as it melted away, leaving long ridgea of 
beach-gravel at heights to which no ordinary wind-irava 
could ever transport it. 

But important as the formation of ice on fresh-water 
lakes and streams may be, it is as nothing compared witli 
the masses that accumulate on the surface of the antic 
and antarctic seas. Instead of forming at 32°, ice does 
not appear on salt water till the temperature has sunk 
to 28^° ; and then it goes on increasing, according to 
Sir Edward Belcher,* at the rate of about half an iucli 
per day, during the long polar winters, often attfuning 
a thickness of 10, 15, and 20 feet. This enormom 
crust, as it stretches unbroken over the ocean, is ^s 

• Sir Edward'8 obaarvationB were made in Weffington Channel (ISB!- 
54) when in search of the missiDg Franklin Expedition. Sea hisNU- 
ratiTe for some curious and inatractive facts respecting the tonaiSW 
character, and department of polar Ice. 
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" 106 -field" of the sailor, which, when broken i 
conies his " ice-brash," and either floats away ia ' 
and "patches," or ia diifted by wiada and currenta in 
" packs " and " streams." * The conservative effect of this 
ice-crust on the warmth of tbe ocean ia one of the most 
providential airangeraents in nature — maintaining for the 
water beneath the mean of 39°, when in the air above the 
cold is often auiBciently intense to solidify mercnry, whose 
&eemig point is — 30°, or 39° below zero. Gradually aa 
the ice thickens, it protects more and more the subjacent 
water ; t gradually aa the water in contact with the under 
aurface of the ice is chilled, it becomes heavier, and sinks, 
its place being taken by a wanner film j and gradually as 
the water ia converted into ice (it freezes fresh, or only with 
such trine aa may be entangled in ita interstices), the upper 
film, being sailer and denser, descends, and lighter and 
warmer particles ascend to take its place. In freezing, 
water, of course, gives out heat, and the heated air-bubhles 
may often be seen clustering beneath the ice and struggling 
as it were to escape upwards. Every bubble in this way 

* The names by whirfi the different coin^itlona of aea-ice nre known to 
our whalera and nayigatora. The " ice-fleld " or " field of ice " ia the 
nnbroken ice of the polar ooeana ; when broken up by thawe and atorms 
it beuunea "brash-lcs;" vhen diifted into denie massea it is "pack- 
lu ; " and whea floated away by winds and carreDts it paBBSB either into 
lolitary " floea," into " patches " of eeveral floea, or into " Btreaina," 
luring H determinate direction. A anUtary fragment floating with a 
oraulderable portion of its bulk above water is a "hummock;" and 
i»lieii loaded with debris and chiefly under water it is a " calf." The 
youi^ ice that Is rapidly formed, on the approach of winter, between 
Dm and patchea is "pancake ice;" when of greater tldckneaa, and 
InniBdin creeks and inlets, It is "bay-ice." These different conditioni 
m ulao known at a distance by Oieir " hlmk " or reflection— this iMing 
('tar (nr field-ice, vkitt for packed, grq/ for newly formed, and dMp yellaie 
'minow. 

+ Aa ice slightly coEtniot» at temperatures nnder 32°, the intenee cold 
ittlie polar regions only tends to render it more lioniogoneons and COm- 
b'JM^ ud tbni to inoreue atill further ita powers of protection. 
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melts ita modicum of ice, ami one bj one, as they aacend in 
the some direction, they gradually pierce the thickeet sheet, 
cutting rounded holes as clean and straight (in the words of 
Sir E. Uelcher) as if they had been bored by an anger. In 
general, however, the heat is retained and diffused through- 
out the water, while all above is stark and lifeless at tem- 
peratdres 50°, 60°, and even 70° below zero. Howwonder- 
fal the provision by which the density and temporaturo irf 
the ocean are preserved for the wants of its animal life ! 
how perfect the scheme of compensation by which the moat 
powerful agents are held in check, and the balance and 
equipoise of nature sustained 1 

It is at this stage, when the thaws and currenta of n brief 
Bummer have broken up the polar ice into "floes" and 
" packs " and " streams," that we find it associated with the 
land-formed "berg;" the whole drifting to warmer lati- 
tudes, there to be dissolved, and to lose themselves once 
more in the liquid mass of the ocean. Purely sei-formed 
ice has no perceptible geological effect, but much of it ia 
acenmulated along shore and under cliffs and precipices 
(the " ice-foot " of the sailor), and this, along with the true 
iceberg, is generally laden with soil, sand, gravel, bouldery 
blocks, and other spoils of the land, and these, aa the i«- 
masaes melt away, are dropped broadcast over the floor of 
the ocean. All that is, or has ever been, ground and worn 
fiom the surfaee of Greenland by the ice-sheet that envelops 
it, has been spread by the iceberg on. the bottom of the 
Korth Atlantic. Water in the solid state is as much a 
wearer and transporter of the land aa water in a liquid state. 
The ice-stream grinds and degrades as surely as the wat*r- 
Btream ; and the burden of both ultimately finds its way to 
the depths of the oceam Nay, ice ia the more potent of 
the two — the "berg" bearing blocks and boulders which 
no current of water could move, and scattering its burden 



over tho outer depths of the ocean, ■while the rivor-scdiment 
is merely fringing the inner shores. 

Such is a brief review of the various aspects in which ice 
occuis, and the more promiiient functione it nppcEirB to per- 
form in the economy of nature. Aa snow in the lower 
gronnda, it acta as a prot-ecting Vlniikei against the severity 
of long-contiaued frosts ; as enow in the higher regions, it 
passes into nitsi and glacier to grind and round the rocky 
surface in its descent, and to smooth into gentler outlines 
the asperities over which it passes in its slow hat irresis- 
tible progress. As the liquid stream erodes and deepens its 
channel, so the ice-stream rasps and chisels— the function 
of both being to wear and degrade the old rocks, and to 
transport the material for the formation of the new. Aa 
ice on watfir, its greater hulk, as compared with that of the 
water from which it is formed, enables it to float as a 
protecting surface, preventing the water helow from being 
entirely frozen, and thus preserving a habitable medium, no 
matter how intense the cold, or however long it may he 
continued. As ice on water also (the iceberg) it becomes 
a geological carrier, transporting to the outer depths of the 
ocean the gravel and shingle and boulders of the rocky 
shores, and piling them up in long submarine reaches ac- 
cording to the set of the tides and currents by which they 
are mainly directed. As ice in the rocks and soils, it is ever 
splitting and disintegrating ; unless within the limits of 
perpetually frozen ground, as in the tundras of Siberia and 
the swamps of Arctic America, and there it exercises a con- 
servative effect* — hindiug the softest soils as hard as rocks, 

■ Evan within theae icy flats the power of froat is aometimes curiously 
dWitnictiTe. " The influancH of the cold," saya Von Wrangell, speaking 
of the December temperature of Siberia, whkh was 58'' below freezmg, 
" extenda even to inaniniate nature. The thickest trnnia of trees are 
nut asimder vith a lond aound, whicL in those deserts falls on the ear 
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and preserving their imbedded organisms fresh and un- 
changed for ages.* In all ita aapeete, ice is invested with 
a curiouR interest ; in all its functions it is charged -with 
important results. To ns, the inhabitants of an ineulsr 
and unstable climate, it may appear of little impoitancB; 
but to those of the higher latitudes and altitudes it asaumea 
the boldest character, and achieves the most gigantic re- 
sults. And these residta, when accumulated for years and 
ages, present to the geologist, as ive shall see in the follow- 
ing Sketch, phenomena as marvelloua in magnitude, and as 
complicated in character, as those produced by any other 
agency to which the crust of our eartli is subjected. 

like a signal-thot at sea ; large masses of rock are torn from Itieir andeni 
sites ; the ground iu the hinilraa and in the rocky Tallej-B cracks and fonm 
wide jBwnJng fissarts, fi'Dm which the waters that were beneath the. 
face rise, giving off a cloud of yapaur, and beuome immediately cliangal 
into ice." 

* It ia chiefly in the froien sanda and gravels of the Siberian loriud) 
that the remains of the mammoth and woolly rhinoceros are pienrral 
in greatest perfection. Every geological reader is acquainted irith tliB 
history of the St Petersburg upeciuien ; huw hair, wool, and moscte mm 
so fresh, when first discovered, that even the dogs of the Tiuigatiili 
hontere were tempted to feed upon them, and this after the entomlraiellt 
of ages I The manner of tteir occurrence is thus descrlhed by (he mtbo- 
rity above quoted ; " The hauks of the rivera consist of sand-hiUa 160 a 
300 feet high, and held together by the perpetaal frosts which the mm- 
mer is too short to dissolve. Moat of these hiUs are fiaien ai biid u 
roeli ; nothing tliaws but a thin outside layer, which, being gradniilr 
undermined by the water, often cauaea large masses of frozen und to 
break off and fall into the stream. When this happens, mummotli n- 
maiiiB, in more or loss good preservation, are UBti&Ily discovered." 
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These are few chapters in geological history p 
more interuat than that which is usually known as the Gla- 
cial Epoch, ttad none that has received a larger share of 
attention from modern investigators. Indeed, it is still to a 
great extent an unsolved prohlem, and hence the conflicting 
Tiews that prevail as to the physical conditions of the period, 
and the causca by which these conditions were produced. 
Though beset with many difficnlties, the general features of 
the period are well known, and it is to place these broadly 
before the general reader, rather than enter upon debatable 
hypotheses, that we attempt the present Sketch. 

Ae mentioned in a preceding paper, the genial tempera- 
tine that prevailed during the deposition of the earher ter- 
tiaries began gradually to decline during the middle and 
later portions, till towards the close of the period an intense 
cold set in, and ice seems to have prevaUed alike over the 
land and waters. Of course, we refer more especially to the 
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higher latitudes of Europe, Asia, aad North America, the 
regions within "which the phenomena of the glacial epoch 
are most strikingly displayed, and to which (from the 40th 
or 42d parallel northwards) they ivere in all likelihood re- 
Btrieted. Over these limits the ico-epoch long held its iron 
sway, annihilating, or all but annihilating, terrcstriallife; 
grinding, and rounding, and moidding the land-eurface as 
no other agent but ice can do ; and loading the bottom of 
the ocean with miscellaneous masses of mud, shingle, and 
boulders. This paucity of life, these land-surfaces, and 
these miscellaneoua accumulations, are the principal proofe 
of the conditions of the glacial epoch, and these we mnet 
first consider under the Itnowledge wo have gained by a 
perusal of the preceding chapter. 

At first it seems evident that towards the close of ilie 
ffirtiary period the climate of a large portion of the northem 
hemisphere was gradually growing colder and colder. In 
all likelihood the land was somewhat higher than it is 
now, and as this cold increased the loftier mountains would 
become perennially enveloped with snow and glacier, and 
the aurroundiug seas with an annual covering of ice. Un- 
der this increasing rigour all the more delicate tertiaiy 
plants and animals would succumb, and those endowed 
with greater elasticity of constitution would Bhifl ground 
to lower and more southern situations. As the cold still 
increased, the ice-sheet seems to have spread itself even over 
the lower grounds, to have pushed its way out to aea, and 
during the thaw and currents of a brief summer to have 
been drifted oif in floes and beigs, as the ice is now from 
the coasts of the arctic and antarctic regions. At this stage 
the terrestrial flora and fauna would be at their minimum, 
and paralleled, perhaps, by what we now find in Greenland 
and the islands of the Arctic Ocean. Daring this setting-in 
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of the glacial epoch, the land, as we shall ehortly see, see 
to have beBn gradually subsiding, and this eubBidence.went 
on to the extent of 1800 or 2000 feet helow the esiating 
Bearlevel, converting a large portion of what ia now Europe 
and America into series of frozen straits and ice-clad islands. 
When the land seems to have been at its greateet depres- 
sion the cold appears to have attained its greatest intensity, 
and at this stage we have the zenith and tuming-poiat of 
the glacial period. After the lapse, perhaps, of ages, a re- 
verse action sets in ; the land begins to he re-elevated ; a 
new cycle of temperature commences ; and the cold, though 
still clinging in snow and glacier to the higher hills, is less 
felt along the lower grounds and neighbouring sea-shores. 
By-and-by, as the elevation continues, the glaciers melt 
away from the hill-sides ; the icebergs and ice-packs dis- 
appear from the seas ; the general chmate improves ; plants 
and land animals in newer species gradually take posses- 
aion of the land ; and the existing order of things is imper- 
ceptibly established. Such seem to have been the setting-in, 
the creeping-on, the culmination, and the departure of the 
glacial epoch. Let us now glance at the proofs by which 
this advent, this subsidence, and this re-elevation can he 
logically established. 

That the ice-epoch, like other great events in nature, 
came on slowly and gradually, is abundantly evidenced by 
the temperate or even coldly-temperate aspects of the flora 
and fauna of the later, as compared with those of the middle 
and earher tertiariea. The eocene palms, crocodiles, turtles, 
and monkeys do not appear in miocene strata ; the mioceue 
sycamores, chestnuts, and maples are replaced by pHocene 
pines, beeches, and birches ; and thus over the tertiary areas 
of Europe at least the declension of climate had been going 
on for ages before the advent of the glacial period. How 
fiir this declension was simultaneous over Asia and America 
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has not been determined, tut that a similar declension took 
place in thoao areas is BuEficicntly obrioua ftom a similar 
change in their flora and fauna.* That the pre-glacial 
land was somewhat higher than the present is shown 
hy old liver-couraea and land-Burfaces that lie below the 
existing sea-level, as well as hy ice-marked rocks that dip 
away beneath the waters. Had the pre-glacial lands been 
lower, these roek-surfacea would not have been smoothed 
and furrowed by ice, nor would the old land-surfaces have 
made their appearance.t It was on this more elevated 
surface, therefore, that the glacier and ice-Bheet first began, 
their operations ; and it is at this stage that we find the 
lowest tenacious clays ("lower till"), and angular blocks 
and boulders, little removed from the rocks from which they 
were severed. Here, then, we have the Jirsf stage of the 
glacial epoch — the operation of ice on a land-surface some- 
what more elevated, in its average altitude at least, than the 
existing continents of Europe, Asia, and North America. 
This operation, aa we have learned from the preceding 
Sketch, must have been to grind and gouge in the valleya, 
to smooth and round the higher eminences, and generally 
to polish the harder rocka — the detritus or abraded mate- 
rial being carried forward to lower levels, there to be laid 

* Aocording to Prnfessor Dana, thers are no tortiary strata in North 
America to the north of the New Engl and Sta tea, tiiBnortliemaj-eBliaTiiig 
heen dry land whiie the santliem was luidar water and recHived the tec- 
tinry deposits. To this elevation of the northern lands, and the anhsa- 
(juent gradual uprise of the eoutheru or tertiary portion to the height of 
3000 or 6000 feet, he attributes the firat settinp-in of the glacial epoch. 

-f The attention of geologists has not been snffiuiently directed to them 
pre-glacial land-aurfaces. It is tme that the "lower till" rests for tiM 
moat part oa ahraded Tock-anrfaces, bnt there are many localities (we hsTB 
noticed them in Kincardine, Ayr, Fife, and Durham— to aay nothing of 
the well-known Cromer beds in Norfolk) where it repoaei on sanda, 
gravels, and even peaty beds, which were undoubtedly the soils andriver> 
gravels of the period immediately preceding ; and in these we may expect 
to fladthBtemainsof the true pre-glacial flora and launa. 
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down as clay and mud, moundB of shingly gravel, and 
maascB of blocka and boulders. Whatever the nature of 
the parent rock, these mounds and masses would partake 
of it — yellow days and schiata and granites in granite dia- 
trictg, red clays and red sandstone blocks in Old Eed 
Sandstone areas, and dark-coloured clays and blocks of 
limeatone and Bandstone in Carbonifetous basiua ; and as a 
general rule these blocks and boulders not far transported 
from the chfia and precipices from which they had been 
torn by the ice-giant. Indeed, in most instances, this 
proximity of glacial clays, ice- worn and ice-scratched blocks, 
is one of the best proofs of the first stage of the ice-epoch, 
and all over the northern and middle portions of Scotland 
we have never found it to fail in its indications. 

But as the cold set in more intensely, the downward 
movement of the land seems to have commenced ; and 
hence nmch of the ice-worn debris of this first stage was re- 
moved by denudation, step by step, as the terrestrial surface 
descended. What may have been the precise character of 
the climate at this epoch of descent — that is, how long the 
winter fi'osts and how short the summer's thaw— we have 
no means of determining, for the earhor clays and moraine 
blocks are destitute of organic remains ; hut if we may 
judge by the comparatively small amoimt of ohliteration by 
denudation, it would appear that the seas were more ice- 
locked than free-flowing, and that consequently the land 
■went down encased, as it were, in ice of prodigious thick- 
ness.* This descent or subsidence of the land forms the 

* The ice-aheet at this stage niaf hare been two or three thouBand 
feet in thickness. The great antarctic ice-harrier, met by Sir Jamea Ross 
and his companions, was estimated at a thousand or fifteen hundred feet- 
Ice of this thickness would rest on the beds of all the shallower Mths and 
letx, and act upon tliem precisely as upon the rocky sulfates of the dry 
land. This circuDUtauce should be carefully boma in mind in rcasouijig 
on tlie pheiiomeua of the glacial epoch. 
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second etnge of the glacial epoeli, and miiat have been 
cliaracteriaed by all that glacier on land or icebei^ on water 
are capable of perfonning, The ice-aheet that now gathered 
over the gradually -decreasing land would pnsh its way 
shoreward with ita annual burden of debris, and this de- 
bris, as it was carried seaward, would be dropt in part over 
the clay, shingle, and boulders that had been aeeumulated 
during the first stage. Of course, a considerable portion of 
the debris of the first stage would he removed by shore 
denudation as the land subsided, but a large portion was 
also left undisturbed ; and thus it is that we find in many 
places the earher clays and any;ular blccka covered over by 
other claya, replete with boulders more worn and rounded, 
and more strongly marted by scratches and furrows. It 
was then, and during this period of subsidence, that huge 
boulders were carried by floating ice far from their parent 
rocks; and thus it is that these boulders, now hundreds of 
miles irom their original cliffs, mark in a special manner 
the second stage of the glacial epoch.* During this stage, 
as during the preceding, we have no evidence of a terres- 
trial flora or faunn, the climate being evidently too rigorous 
for their support ; and it is only towards tho Bontbem 
limits of the ice-field (the 40th or iSd parallel of lati- 
tude t) that we can expect to find the remains either of 



■ It is difficult to convey Tiy descriptiot 
elsya and banldera of ths flrat and eecnnd at; 
fiald will train thi^ eye sufficiently to mark the distinction, and fiiis 
altogether independent of Boperposition. There is a rougbnesa of ad- 
miitore and heterogeneonanesa obont them that never appear in tbou 
of the earlier at^e. Perliapa the best t«8t of the s«cond stage is tba 
namher of " erratic hlcxJis," or houldera far removed ftora their panot 
racks. In Europe, Scandinavian rouks are found in Cential Germany 
and over the south-east of England ; in North Aioerica, Osnadiiui blocks 
occur a hundred and a hundred and fifty miles southward of thrii 
parent sources. 

t American geologuta give the southern limit of the drift in their 
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I- animals, and those in all likelihood of boreal 
habits, like those now inhabiting the hordeis of the arctic 
regions. How long this period of descent continued rela- 
tively to the other stages, it ia difficult to determine, 
though, on the whole, it appears to have been the longest 
stage, and that which has most impressed its choroeter on 
the terrestrial surface. The extent to which the subai- 
dencQ took place ia variously estimated at ironi 1700 to 
2000 feet, for from that limit down to the existing sea- 
shore, the land-surface is marked with rounding and smooth- 
ing, polishing and scratching, glacial moraines and clays, 
ice-borne blocks and boulders. One cannot turn to the 
higher districts of our own islands, to the north of Europe, 
or to Sorthcm America, without perceiving on every hand 
traces of this long-continued ice-action — the bouldery elays, 
the rounded blocks and boulders, the scratched and pohshed 
rouk-Burfaces, the rounded outlines of the hills and knolls, 
all bespeaking its presence as incontestably aa the existing . 
Burface of the Alps, the Scandinavian mountains, or the 
uplands and shores of Greenland. 

But the forces that govern the external conditions of our 
planet are never at rest. Change succeeds change, and cycle 
follows cycle. The downward tendency of the land ceases, 
and an upward movement commences. Along with this 
gradual elevation, new distributions of sea and land begin 
to appear, and with these changes the intensity of the gla- 
cial epoch seems to come to a close. Glacier and ice-sheet, 
however, still shroud the land, and icebergs drift away 
from the shores. Other currents, however, ore evidently 
setting in, a more genial climate begins to prevail, and with 
this higher temperature the ice disappears frum the seas 
and lower grounds, and only clings to the higher hills in 
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shrinking and gradually lessening glaciers. Even these, 
too, vanish in the long-nin, and the present order of things, 
the ordaininga of the current epoch, are established. This 
gradual elevation of the land constitutes the third and last 
stage of the glacial epoch, the proofs of which are to he 
found in the moraines, lateral and terminal, that stilt linger 
1 every glen and corrie of our island, in the re-assorted 
clays and boulders of the two former stages, in the numerous 
terraces which mark the successive steps of the land's «p- 
3, and in the fine silty clays (the " brick-clays " of some 
geologists), with boreal shells, star-fishes, bones of seals 
and whales, which fringe our hays and estuaries at various 
altitudes above the present sea-level. Compared with the 
earlier stages of the ice-epoch, the traces of this latter stage 
are still fresh and recent. Tlie mounds of sand and gravet 
80 frequent at the mouths of all our glens and upland 
valleys, are but the terminal moraines of the ancient gla- 
- ciers; the gravelly terraces {in some instances with shells) 
tliat fringe so many of our hill-sides, are but the ancient 
beaches of the gradually uprising land; the great blocks and 
boulders so abundantly strewn over our heathy uplands, 
are but the denuded ice-borne blocks of the two former 
stages ; and the fine silty " brick-clays " are but the up- 
raised muds of the deeper sea-bed. Since then, frost, rain, 
and rivets have done their work on the land's surface, and 
obliterated many of the ice-traces, yet enough still remains 
to convince the unbiassed inijuirer of its long reign over 
thesa northern latitudes during the three successive stages 
we have here endeavoured to describe. 

The accumulations described in the preceding paragrapba 
are usually distinguished by such names as " northern 
drift," " glacial drift," " erratic blocks," and " boulder- 
clay," all conveying the idea that they have not been de- 



PROOPa OF ITS BXISTEKCG. 239 

posited under the ordinary conditions of water, that they 
belong especially to the northern hemisphere, have heen 
drifted from a northerly source, and in all likelihood hy 
ice partly on land and partly in water,* The older terms 
" diluvium " and " diluvial drift," imder the idea that they 
were the results of the Noachian deluge, liave been long 
ago set aside, and geologists with one consent now look to 
ice, in one or other of its manifestations, as the only known 
agent by which they could have been accumulated. Eain 
and rivers can, no douht, waste and wear down the land, 
but it is ice alone that can grind and smooth and confer 
those rounded outhnes which characterise so much of the 
surface in the higher latitudes of the northern hemiaphera 
Eiver floods and freshets can accumulate vast mounds of 
sand and shingle ; but it is the glacier alone that throws 
across the glen its dam-like moraine, and scores and polishes 
the pebbles of which it is composed. Eunning water laden 
with debris will wear and smooth the rock-surfaces over 
which it flows; but it is ice alone that can put on the glassy 
polish, and scratch and goage in long straight furrows with 
its imbedded blocks and fr^ments. Kivers and torrents 
will roll and transport blocks of considerable size ; hut it is 
ice alone, either as the ice-sheet on land or the iceberg on 
water, that can tansport boulders many tons in weight up 
and over hills, or float them away hundreds of miles &om 
tlieir parent precipices. Eunning water invariably assorts 
ita debris in beds and layers according to its fineness ; it is 
floating ice alone that drops its burden on the sea-bed with- 
out regard to arrangement. All these appearances — hoidder- 



" Objection has been taken to eacli and all of tbeae iJesignationB, and 
It must be confessed we are still in vrant of a good geneial term for tta 
accBmiilatioDA of tlie glaeml epoch. Drifte, erratic biocIiS, and boulder- 
claji, are but memlieiB of a great series, and it is for tliia aerisB, taken 
M a whole, that wb Btill atand in need of a comprehensive deeigimtioD. 
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clays of great thickness, erratic blocka 
polished, striated, anJ. grcwved rocks, nioraine-like monnds 
of gravel, and amoothetl and rounded Bnrfacea — are so com- 
mon in Britain, JTortliern Europe, and Iforth America, 
that geologists are driven to the conclusion of a glacial 
epoch ; a long period intermediate hetween the Tertiary 
and the Current era, when all the northern hemisphere, 
down to the iOth or 42d parallel, waa under the influences 
of aa icy climate like that which now prevails within the 
arctic and antarctic circles. 

Geologists have long been at variance, and in some in- 
Btancee are still at variance, as to whether the phenomena 
are to he attributed more to land-ice or to sea-ice, to glaciers 
or to icebergs. Aa we hecame better acquainted, however, 
with the operations of ice in such regions as the Alps, 
Himalayas, Scandinavia, Spitsbergen, Greenland, and the 
polar seas, such differences of opinion grew less, and com- 
petent authorities seem to be agreed that we must call in 
both agencies, and this during the successive stages of snb- 
aidence and re-elevation which we have already endeavoured 
to describe. Indeed, it is impossible to conceive of a glacial 
climate over any lai^e portion of the earth's surface without 
seeing that it must affect sea and land alike ; and that if 
there is any brief period of thaw, like the existing aictia 
summer, the ice must be set in motion both on land and 
water.* Once sot in motion, each would contribute its 
quota to the general result — the land-ice grinding and 
smoothing and rounding the rocky surface in its descent to 
the sea, and the sea-ice ploughing the shallower sea-bed aa 
it floated away to drop its burden of boulders and debria 



* Even without any great degres of BninniEr thaw, a moljae msss Uks 
ice and anow wouM "be urged forward by its own accnrntilatiog veiglit, 
and this orer heights and holJows, so long as the head pressure remuned 
Buffieientif power^. Bee preceding Sketch, p. 221. 
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ix and wanner watera. In conseqttenco of the 
long Bubsiilence and gradual re-e)evotion of the land, tha 
rasnlta of tbo terrestrial and sea-floated ico would becoma 
commingled ; and heocs one great Bonrce of the difficulty 
attending the interpretation of the phenomena of the glacial 
epoch. Ho, therefore, that would read aright the ice-epoch, 
must restrict himself to no limited theory, but must grasp 
broadly the consequences of a general glaciaUaed condition, 
calling in alike the aid of terrestrial and marine ice, and 
ascribing to both whut he cannot clearly determine as 
having been performed by either. 

Another question that has given rise to much discuBBion, 
is the direction in which the ice has generally moved, and 
the sonrco or Boarces from which the debris has been borne. 
In the north of Europe the set seems to have been from 
the north or a Httle west of north, so that the rocks torn 
fiom the Scandinavian mountains have been scattered over 
the plains of Denmark and Germany. In the British 
Islands, the set seems also to have been from the north and 
north-west, so that boulders from the Grampians are strewn 
over the Lowlands, and blocks from the Cumberland hills 
over the valleys of Yorkshire. In North America too, the 
general float or trend has been, in like manner, from the 
north, or from directions between, the north and north-west 
— hence the appropriateness of the term " northern drift " 
when applied to the erratic blocks that now lio scattered so 
far and wide from their native sources. But in moat coun- 
triea the land-ice has moved in aecordanoe with the general 
of the land or the trends of its principal valleys ; 
the glacial gougings and grooyings radiate in all 
iona from some main eminence, or lie chiefly in one 
according to the hearing of the valley down which tha 
ice has descended. A great deal of minute but worthless 
labour has indeed been spent on this subject. The grooves- 
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and Btriae produced by the moimtain-glacier can give no 
idea of the direction of the corront tliat bore the ieoherg ; 
and the p]ouf;bing8 of the iceberg through firth and strait 
can give no indication of the coiffse of the glacier ftom 
which it was detached. The fact is, Uiat the direction <X 
theae groovings and gouginga must be read eaoji in the light 
of its own locality ; and we liave seen on many rock-eur- 
facee in Scotland stris crossing each other, and evidently 
produced at different times by forces moving in different 
directions. That the land-ice must have moved in tha 
direction of the slopes on which it rested, i 
and that the floating ice must have token a southerly ooutm, 
is only what may have been expected, seeing that the coli 
currents from the poles must ever be towards the n 
and lighter waters of the equator. 

A third and important question lb, whether this gladatias 
of so large a portion of the northern hemispher 
temporaneoua, or whether it passed gradually and eucces- 
aively over the areas of Europe, Asia, and America 1 Thi) 
question, in fact, involves the cause of the glaciaticai, and 
will be answered veiy much according to the views which 
different theorists entertain. If we regard the ice-epoch u 
brought about hy external or astronomical causes, its con- 
temporaneity is the most likely result ; hut if we consider 
it as arising irom some peculiar distribution of sea and land, 
and dependent on the earth's own physical relatione, Uie 
glaciation of Europe may have been separated by long agM 
feom that of America ; or, in other words, the i 
may have gradually crept from the one hemisphere to tie 
other, according as the set of polar currents was altered by 
upheaval and depression of the land areas. In the mew 
time, the general learang seems to be towards the idea o( 
contemporaneity, though it must be confessed that a gradual 
^yance of the. glaciation &om area to area eeeme, in some 
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, the more philoaophical belief. Either way the 
Bjemainfl of its occurrence between the tertiary and cnr- 
Tepocha; of its having brought to a close the tertiary 
ptioQS that prevaUed over these latitudee ; and of its 
[ passed away before the present order of things 
ahed. Wherever it occurs it forma a great 
i between the Tertimy and Recent — a lifeless blank, 
Jl were, between the flora and fauna of the Tertiary epoch, 
P'ihe flora and fauna now flourishing around us. 

The hypotheses that have been advanced to account for the 
facial epoch resolve themselves into two great categories — 
Jiral, those that depend on astronomical causes, or causes 
Bstraneoua to the earth; and, aecond, those that depend on 
the earth's own physical relations as regards the then pecu- 
liar distribution of its lands and waters. This ia not the 
place to enter minutely into the merit of these theories, 
but we may glance at their general bearings as indicating 
the widely difl'erent sources to which geologists have been 
driven for a solution of this strange and anomalous period. 
By those who seek for the solution in a pecuKar distributioa 
of sea and land, it is argued, that by elevating the terres- 
trial surface in the northern hemisphere and shutting off 
the warm currents of the ocean from the circumpolar areas, 
I an extreme degree of cold would be induced; that the snow 
i ice accumulated under this cold would have a tendency 
ish still further the annual temperature ; and that 
a the Jce-sheet, in course of ages, would push 
ray southward ahke over land and sea, to the furthest 
L verge of glaciation. This, they contend, would 
int for the first stage of the ice-epoch : and even when, 
; the second stage, the land began in some areas to 
le-sheet must have acq^uired so much mastery 
ir the average annual temperature aa still to maintain its 
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gronniJ — the chief heat conveyed to the north bdng ly 
atntospheric currents. During the third stt^e, when tha 
land began to rise, the elevation, they aigne, was onl; 
partial, and accompanied by depressions, which permitted 
warm oceanic currents to penetrate further north, and thna 
gradually to dissolve the ice-sheet to its present liniita 
Others also, who seek for the solution in the peculiar 
tribution of flea and land, contend that the ic&^mantle was 
never general over the northern hemisphere, but that it 
passed from area to area according to the set and direction 
of the polar sea-currents. Were the existii^ arctic current, 
say they, to pass down by the coasts of Norway instead oE 
by the coasts of Labrador, the glaciora of Scandinavia would 
envelop the whole peninsula, and come down, as they do 
in Spitzbeigen, to the very aea-shore. It is only necessaiy, 
those theorists contend, to arrange the polar currents and tie 
warm currents (like the Gulf Stream), or, in other words, the 
northward and southward currents of the ocean, in such i 
way as to produce over certain areas glaciera and icaber]^ 
and all the accompanying phenomena of the glacial epoch. 
Those, on the other hand, who appeal to extraneous causes, 
maintain that the ice-sheet was general and contampw- 
aneons, and could only be produced by forces affecting aliie 
the whole of the northern hemisphere. In their opinion, 
there was only a gradual advance, and as graduid a departnit^ 
of the ice-epoch. And this advance and deportura 
have been brought about by our planetary system pasnng 
throngii some colder region of apace ; by some secular or 
recurrent diminution of tha sun's heat ; by greater eccen- 
tricity of the earth's orbit ; or by soma secular deviatioil 
in the earth's inclination, depending upon change of centre 
of gravity, or the precession of the equinoxes. la other 
words, the causes they seek to establish are planetai; 
and not terraqueous, and eu^h. as have already occuned, 
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and will yet occur, in tlio history of our globe. Of couraa, 
befure Biich hypotheaes can be eatettainod, astroaoroen 
must admit their possibility, and find in the enating 
ordainingB of nature some proofs that such groat periodic 
changes are etill in process of fulfilment It is true that 
we are not without evidence of colder and warmer periods 
OTBI the same latitudes in the geological liistory of 0111 
planet. It is many years ago* since we first drew attention 
to the occurrence of colder and wanner cycles — the Cam- 
biian, Old Hed, Permian, Cretaceous, and Boulder- Drift, 
lieiiig the cold, and the Silurian, Carboniferous, Oolitic, 
Tertiary, and Keccnt, being the warm ; but wo still need 
£irtheF corrolxiration of this, and it were the wisdom of 
geology to exhaust the operative causes that lie within our 
knowledge in the earth before seeking for extraneous causes 
that ate placed in the mean time beyond our probation. In 
either case we cannot conceive of colder and warmer cycles 
occurring at random ; and whether they depend upon the 
earth's own ordainings, or upon her wider planetary re- 
lations, they must be obedient to an orderly law of time, 
und will occur in the future as they have already taken 
place in the past 

Of course, before the origin and history of the glacial 
epoch can be fully expounded, much exact and prolonged 
labour must bo devoted to the subject. The sequence and 
superposition of the clays, gravels, bouldei'a, and silts, re- 
quire more thorough examination over wider areas than 
those of the British Islands. The southerly limits of these 
accumulations in Europe, Asia, and America require to be 
determined with greater preciaion ; as well as the question 
of their altitude, and their dispersion over eastern and 
central Asia. We have also to learn how far the southern 
hemisphere (in Patagonia, Australia, and New Zealand) has 
" 8m "HiB Part aad Present Life olthe Globe/ p. 188-191, 
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ever undergone a. similar glaciation ; and if so, whetlier 
it took place, as in tte nortliem hemisphere, immediately 
preceding the current era.* These and s imil ar questions 
must receive satisfactory answers before a generally ap- 
proved theory can be hoped for; and geology, in thia as 
in other instances, will best attain her end by a dihgeat 
accumulation of iacts, and the widening of her field of 
ohseiration. 

Such is a hasty, but, we tnist, not unintelligible Sketoli 
of the glacial or ice epoch — that strange period in letent 
geology when the frost-giant that now reigns supreme witHn 
the polar cirelea laid his iron grasp on the northern hemi- 
ephere down to the 40th or 42d parallel of latitude. Ho" 
or by what means this crisis was brought about — whetter 
hy some pecuhar distribution of sea and land, or by some 
great secular recurrence in the earth's planetary rektions 
— theorists are not agreed ; hut there is no diffeconcn of 
opinion as to its existence, and none as to the loi^ con- 
tinuance of its away. Its presence is visible on every hill- 
side and in every glen in the British Islands, Northern 
Europe, and Korth America ; in the rounded eminences, in 
the polished and striated and grooved roclt-eurfaces, in tie 
moraine-like mounds of gravel that bar the glens, in the 
huge rounded and striated blocks that lie scattered ovei the 
ground, and in the thick tenacious houldery clay that en- 
velops so much of the lower and level tracts of the country. 
Ho known agent, save ice, could have produced these sp- 
poarances — ^ice on land, and ice on water ; ice, in fact, enfih 

* From recent reports by the provincial aarveyore of New Z*«liuifl, w 
welt OS from Mr Darwin 'g well-known descriptions of SoDtb Anieriu, It 
wunld appear that the aoathem hemisphere has heen snhjeoted to a, dmi- 
Inr phase of ice-actLon. The further investigation of this u to contm^ 
raneity with that of the nortbern hemisphere, would materiaU; udM fn 
tlie fniniiug of on Bccsptahle hypothesis. 
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as we now beholii on tlie higher mountains of the globe, 
and within the arctic and autarctio regioaa. 

We have arranged the period into three stagea — the Jirel, 
when the pra-glocial land (somewhat higher than the exist- 
ing continents) began to receive the ice-sheet ; the necond, 
daring which the ice-bound land subsided to the esteut of 
1800 or 2000 feet ; and the third, during which the land 
was step by step re-elevated, and the ice gradually dis- 
appeared. * Each of these tliree stages must have left its 
own proper impress ; but the second haa obhterated so 
much of the first, and the third so much of both, to say 
nothing of what has been subsequently eifaoed hy frosts 
and rains and rivers, that it is always extremely difficult, 
and often impossible, to discriminate their results. Hence 
the great difficulty of reading aright the phenomena of the 
glacial epoch ; and hence the confhoting views entertained 
by geologists respecting their origin and arrangement. This 
much, however, is certain, that the pre-glacial or pHocene 
land- surfaces, wherever they are found, contain fossils ; 
that the first stage of the ice-epoch is characterised hy 
houlders httle removed from their parent rocks, by finely 
glaeialised rock-surfaces, and by the true boulder-clay or 
" till " of Scottish geologists, and is always unfossiliferoua ; 
that the second stage is characterised by re-aasorted days, 
by more rounded and widely-dispersed boulders, and is also 

• WliUe, for the sake of diatinctness, -we thua divide the ioe-Bpoch 
Into tlu-ee grsat st^es, it moat be borne in mind that there may hKve 
been miuor aud local oecillatioDS of sea, and laiid during each succeseiTe 
Btage. Since the cluiie of the glacial period such □acillations have token 
place more than once in our o>vn islands, as proved by the " anhmarino 
forests " that occur at bo many places along the existing coaatB— these 
forests, now partially under the eea-levelj liaving evidently grown at t, 
bigher elevation, been submerged to receive the silts that nov cover 
tliem, and again upraised to their present levels. Such minor oscilLt- 
tions tend to complicate, but they do not obliterate, the broader pheno- 
mena of a period. 
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nnfoasiMerons ; vhile tlie third stage has more moraines, 
ridges of sand and gravol, terraces with occasional abdls, 
and finally, in the lower levels, the silty clay or " brick-day," 
containing boreal sheila, atar-fishes, bones of seal, whale, 
northern ducks, and other kindred remains. The local 
differences may not be tdways ascertainable; the general 
order above sketched is unmistakable throughout the 
Britjsh Islands. 

Cold and dreary, and inimical to lifej ae the ice-epoch 
must hare been, it has left its impress on evBi; foot of the 
surface to which its limits extended. The rounded outliiies 
of our faille, the gentler mouldings of our glens, the scoop- 
ing-out of many of our higher lake-basins, the undulating 
gravelly auriaces of our broader valleys, the terraeifom 
southern and south-eastern slopee of our mountains — nine- 
t^ntfas, in fact, of that which gives character and colour to 
our northern ecener^ — are the direct results of ite long-ctm- 
tinued sway. Huch has no doubt been since obhterated 
by the irosts, rains, and running waters of the cniront en, 
but the broader features ehiaeJled out by the ice-epoch stall 
' remain, reminding the spectator at evety turn of its pre- 
sence, and the long continuance of its power. 
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EECENT rOBMATIOSS— 

DATKB — CHBONOLO- 

FRE-HiaTOKlO — EUUAS 



As the glacial epoctj with its bouldery clays and graTcIa, 
formed a limit to the tertiary system — over s large portion 
of the northern hemisphere at least — so within the same 
latitudes it constitutes an eq^uolly decided basement for 
what are usually tenued the Post-tertiary, or recent forma- 
tions. Of course, like other appeUationa in geology haTing 
reference to time, these terms are merely relative, embracing 
accumulations that have taken place within the current 
century, and others that may have been formed fifty or a 
hundred thousand years ago, hut stiU recent when compared 
with those of the tertiary and other preceding systems. 
This is all that is meant by the title at the head of the 
present Sketch j and whether we adopt Quaternary, Post- 
tertifliy, or Recent — designations all employed hy g 
in describing these formations — it matters little so h 
is understood that the events referred to have taken place 
Bnbseijuent to the glacial era. These events, recent though 
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they bo, present a curious but difficult chapter in world- 
history; curious aa displaying more clearly than the older 
formations their whole origin and progress, but, like modem 
hiiman history, difficult of narration, irom the exuberance 
and nearness of the details. Approaching our own times, 
their interest is proportionally increased, and he who nnde> 
st&nds them aright cannot fail to catch by reflection a dearer 
insight into the cycles and systems that went before. In 
their origin and formation we see a repetition of the oripn 
and formation of all the older formations, hence their in- 
stmctiveness as a study ; while in their superficial dispe> 
sion they become the immediate source of Bustentation to 
the plants and animals that inhabit the terrestrial aur&ee. 
Arising from the operations of waste and reconstraotiffli 
described in Sketch No. 2, these Ilecent, or, as they an 
aometimca termed. Superficial Accumulations, will ba aa 
multifarious as the agencies concerned in their formation ; 
and hence perhaps the most intelligible way of treating 
them is to arrange them according to the agents more im- 
mediately concerned in their production. In this way we 
will have Fluviatile fonnationa, or those arising from the ac- 
tion of rivers; Laaustrine, or those formed in lakes ; E«twi- 
rine, in estuaries; Marine, in seas; Chemical, arising from 
chemical action; Organic, from the growth and decay of 
plants and animals; and Volcanic, from the internal fire- 
foroes of the globe. There will he older and younger, of 
course, among these different formations — some so old as to 
imbed the remains of plants and animals no longer inhabiting 
the same localities, and others so recent as to belong entirely 
to the current age, and indeed to ba still in process of forma- 
tion. To display them, whatever their age, in intelligibla 
order, is the object of the present Sketch ; and he who beais 
in mind the oporntions of waste and reconstruction de- 
scribed in a previous paper, can have no difficulty in fol- 



ing tlie narration of this, the moat recout chapter 
history. 



Among the most obvious of liecent Formations are those 
produced by the action of rain and rivers. Whatever the 
winds and rains and frosts loosen and disintegrate, the 
stream carries onward and downward to lower levels. 
Were there no great rivers, the debris worn from the moun- 
tains would accumulate mainly along their bases, but the 
runnels gave it to the streams, the streams by theii union to 
the river, and the river carries it forward to be scattered over 
the plains, to be deposited in lakes, or borne out to the 
depths of the ocean. Geologically speaking, what is strictly 
Fltiuiutile is laid down by the streams and rivers along their 
courses j and there is not a river in the world that does not 
present, in some portion or other of its course, patches of 
meadow-land, holmes, dales, and other flats, that have been 
formed by the debris carried down by its current. These 
alluvial flats are generally very heterogeneous in their com- 
position — loamy and clayey silts, sand, gravel, and shingle, 
with here and tJiere the imbedded but often imperfectly 
preserved remains of terrestrial plants and animals. In 
course of ages, as the river deepens its channel, and outs its 
way from side to side down the valley, the older of these 
flats will stand higher and higher above the current j and 
thus it is that along most rivers there are sets of terraeea 
marking the heights at which they formerly ran, and the 
levels over which they spread their inundating waters. It 
is usual to arrange these terraces into higher river-graveh 
and lower river-gravels — the former of vast antiquity, and 
rarely containing organic remains, and the lower of more 
recent origin, and containing the remains of plants and 
animals, some of which have long since become extinct in 
the regions where their relics now occur. It is from the 
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n Britain, Fia 



lower and middle of these 1 
other European countries, that the bones of the tnaimnnHt 
and woolly rhinoceros havo been exhumed, along with the 
flint implementi of rude and primidTe races ; and were the 
river-deposite of the other continents geologically oKamined, 
there is no douht they would exhibit in a similar way a gra- 
dation from the events of the current century back to those 
bordering on the tertiary epoch. As it is, these rivet-deporits 
play an imiwrtant part in the physical geography of every 
country, their rich and well-watered surfaces presenting the 
finest fields, whether for forest-growth, paature, or cultivation. 
We have only to name the principal rivers of tlie world to 
recall to the geographical reader the alluvial expanses that 
mark the most of their courses, and these iu magnitude 
according to the volumes of the respective rivers and the 
flatness of the country tlirough which they flow. And 
even where magnitude is not concerned, these river-deposits 
are not without their importance. Every gully from the 
mountain-side has its terminal spit of sand and gravel, 
and it is often in such deposits, worn irom the eliffe and 
veins above, that we find the most abundant and readiest 
supplies of the goms and precious metals — ^as witness the 
diamond-conglomerates of Brazil and India, the tan-graveli 
of Cornwall, and the gold-sands and shingle of California, 
Columbia, Australia, Now Zealand, and the OuraL These 
auriferous sands and gravels are but the debiis of the older 
mountain-cliffs disintegrated by the frosts and rains, and 
carried down by the streams to the lower " creeks " and 
" gullies," where, accumulating for ages, they are often of 
great thickness, and carry us, in many instances, far back 
even into the tertiary period. Many of the Australian 
gold-gravela, indeed, are surmounted by thick overflows of 
basaltic lava, and as volcanic agency has long ago ceased to 
luanifest itself in these regions, these show at once the ^ 
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ctangea that moat have takon pJace, anil the agea that must 
have elapsed since the gravels and eands irere piecemeal 
worn and washed down from their parent formatioua.* 

Closely associated with these river-deposits, and some- 
times indeed nn distinguishable from them, are the Lacus- 
trine OF lake deposits, that occupy so many of the alluvial 
expanses in our plains and valleys. The tendency of i 
every lake fed by running streams ia to become shallower 
and shallower from the sediment deposited in its basin by 
these inSowing waters. Every stream protrudes its little 
delta of silt and sand, fcesh-water shell-fish accumulate 
layers of marl, and aquatic plants contribute their annual 
quota of growth an<i decay, Ey-and-by the shallow lake 
becomes a stagnant morass, and in process of time, partly 
by surface plant-growth, and partly by the deepening of the 
outflowing stream, the morass ia converted into meadow- 
land. A large portion of all the " straths " of Scotland 
and the "dales" of England are of lacustrine formation; 
and we have only to watch the cutting of any main drain 



* The following [ 
jtUi Bgn by Mr W 
SbA rich soil, 
■ Stiff Tcdclsf, 
PM <rttled clay— Toloimio ashes, 
*9*vltia Uts, 
' Broivii luniimted day. 
Loose sand (decompossd (^artz and graiiib!), 
Kadc peaty clay, with, nnmeroni leovea and s 
Loose Bund [decomposed quartz and granite), 
Knely laminated reddish clay, 

d (decoinposec! quartz and granite), with 
OB crystal-pebbles and a lUlU gold, 
■SRnc Teddishclay, .... 
■'Keoee mad (decnmpoBed quartz and granite), with 
nmnenJUH pebbles — W< main geld depoiii. 
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through their subsoils to be convinced of the trath of this 
origin. A thick layer of vegetable or peaty soil, followed 
by beds of silty sand, marlj and clay, imbedding the bones 
of deer, osen, and other animals, with the remains of an 
occasional tree-canoe, clearly bespeak their lacustrine forma- 
tion, and point to the time when the wild animals of the 
coimtty were mired in their muds, and the primitive inhabit- 
ants paddled across their waters. Now how changed 1 the 
Bite of the former lake green with the richest pnatursB, or 
waving with luxuriant corn-fields ! As with the straths and 
dales of Britain, so with a large proportion of all the inland 
plains and valleys of the world. Many of them are but 
chains of silted-up lakes converted inflo dry land, jiartly by 
the process of silting or filling up, and partly by the main 
stream of the valley cutting deeper and deeper ita channel, 
and thus affording a more thorough drainage for the whole. 
Lacustrine formations, thotigh occurring in the same plain 
with those of fluviatile origin, are in general readily dis- 
" tinguishable by their finer sediments, greater regularity of 
deposition, the occurrence of beds of shell-matl and peat, 
and the more perfect preservation of their ojganic remaiiiB. 
These remains are often of great antiquity, ranging from 
the time of the mammoth, great Irish deer, and epeeiee of 
oxen that have been long extinct, down to the pile-dwellii^ 
of OUT Celtic or pre-Celtic ancestors, who betook tbemselvM 
for safety to their waters, and erected artificial mounds for 
their habitations, where nature had not provided the nece»- 
saiy" inches" or islands.* Even since the time of the 

" BinPB laei thesB lake-dwellinga or pil6-dwellinga (known aa S^uW- 
bauIeK in Switzerland, and eranxoga in Ireland), have reeeiyed maob 
attention iVom urchEeologlstB and geologiEts. These dweUings occm in 
existing lakes, as weU as in T>og9 and iDtuahee wtiich were fonnerljr the 
sites of lakes, and seem to have been erected on pileb driven tbrongk 
the water, or en mounds partly formed of stones, wood, and other 
debris. Tliey liave been found in Switserland, Ireland, Scotland, J<4 
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earlier Celts hundreds of shallow lakes and morasseB have 
heen converted into dry land ; and the prooeas still goes 
forward, accelerated in all civHiBed countriea by the inoea- 
Bant opeiationB of man. 

Still associated with river-action, bnt necesaarily separated 
from strictly fluviatile deposits, are those EiduarinB fomm- 
tions which occupy extensive areas in almost every region 
of the globe. 'V\Tierever a river discharges itself into the 
sea by a broad mouth, or by many mouths, and in particular 
where the tidal influence pounds back the river-water and 
runs for some distance inland, sandbanks and muU-sboala 
have a tendency to accumulate. In process of time the 
banks and shoals become islands, and hy further accretion 
and union the islands are converted into deltas. In this 
way most of our loiger rivers present deltic flats or estua- 
rine formations, and these must have been slowly accumu- 
lating since sea and land received their present relative 
configurations. These accumulations, consisting mainly of 
debris borne down by the river, but partly also of tidal 
sediments, will imbed marine as well aa terrestrial and 

other European countries, and point tn a time when tlie early inhabitanta 
betook themBelves to this style of habitAtion for porpoaes of defeni^e and 
protection. In eome instances, as in the Snias lalies, the piled area is 
of conaiderahle extent (forming an aquatic village, as it were), and con- 
nected with the shore hy a piled way or causeway. In the older pfahl- 
hauten the impleraenta are chiefly of itoae, and aeaociated with the cut- 
sway bones nf the deer, boar, and wild-ox ; in those of intermediate age, 
iroiat implomentfi prevail, associated with the bones of the dom*atic oi, 
pig, and goat ; while in the more recent, iron awords and spears have 
been found, accompanied hy carbonised grains of wheat and 1>arl6y, and 
witii fi-^menti of rads textures woven of flax, baat, and straw. The 
more recent seem to have been Immediately anterior to the great Roman 
Invasion of northern Europe ; the more ancient may be aeveml thousand 
yeaiB older than that event. Those cuxiaue in these matters may conault 
Dr Keller's ' Lalte-Dweltinga of Switzerland,' as translated and arranged 
by Mr Lee, 1866. 
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ttoetij jbiwtiie or InnoMM «ri^ The lor-lTuig ddtw 

of tb» IfiwJMBpiw. the plaiii of Lover Sgypt, An jaa^ 

«wiiiip« of tbe THger, Ute ratdKbnnds or mod-islands of 

fke Ganges and Imraddy, and tbe atlimal pbin of Cbnu, 

ara familiar examples on a gnat scile of these estnarine a 

deltic deposits; but as wjtb these, so with almoet ever; 

other iiT«r that diechaiges ita irateis into the oeeaji. The 

msgnitode of estoaiine formations is one of the moet 

DOtAhle featnres in the geology of the cniTBnt epoch, and 

Uiia Diagmtnde is increased by a hrofold process which tho 

reader would do well to consider. 

^^t In the Grst place, the delta that makes its appeaianM tt 

^^H dry land may form but a small portion of the sedimentaij 

^^M matter borne down by a river, the greater portion being 

^^H carried forward and projected, as it were, over the bed of 

^^1 the ocean. An estuarine formation is thus partly tub- 

^^P aerial and partly gabmarine, and it necessarily requires a 

^^H loi^ and gradual process of silting to convert the sah- 

^^B marine into sub-aeriaL Bnt during the oscUlations Ot 

^H crust-motions to which the earth is subjected, it frequently 

^H happens that a whole inland or portion of a continent is 

^^1 gradually upraised, and thus the submarine portion of m 

^^M estuary may be upheaved into dry land, and this altogether 

^H independent of the slow and ordinary process of silting. 

^H An uprise of fifty feet would convert a large portion of 

^H the Yellow Sea into a lower terrace of the great Chinese 

^H plain ; and by a similar uprise thousands of square mHeS 

^H of Mississippi swamp would assume the character of fertile 

^^1 prairie-ground. To such upheavals much of the "carses" 

^^1 of Scotland and "levels" of Ei^land are no doubt dnej 

^^^ for though wholly composed of river and marine silts, their 

^^M final conversion into dry alluvial plains hos been mora a 
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of turrestrial aprise than of Gedimcnlary accoinula- 
Aa with the eslimrine plains of our own ialands, bo 
to a great extent with thoso of other rogiona ; they owe 
ihtai accumulation wholly to silt and sediment, but their 
conTereion into diy land, partly to eUting, aad paj'tly to 
terrestrial upheavals. 

WhateTer their mode of accretion, the composition of 
tliMB estuarine formations is much the same in every 
n^on : mud-silta, clays, sanda, gravels, drift-wood, shell- 
beds, peat and swamp earths — the whole being usually 
mmomited by loamy, vegetable soik of extraordinary fer- 
tility. Their imbedded remains are partly terrestrial, partly 
fiesh-water, and partly marine ; and these, of course, will 
differ according to the latitudes in which the estuary occurs, 
lod the regious through which its affluent rivers flow. 
QntB the Mississippi will sweep down the terrestrial and 
besh-water spoils of temperate North America, the Amazon 
Iboee of tropical South America, the Niger those of Equa- 
torial Africa, and the Ganges and Irawaddy those of sub- 
trcpical Asia. Every estuary, in fact, is characterised by 
tta own fossil flora and fauna, and these of varying anti- 
^ty, from the spoils swept down by the latest land-flood 
or depoeited by yesterday's tide, back to the confines of the 
glacial epoch, if in the higher latitudes, and it may be to 
the tertiary itself, if occurring in intertropical regions. In 
'the estuarine silts of our own ialands, for example, we pass 
through every gradation of antiquity, from the plants and 
a fiimala now flourishing around us, back through those 
wiuch, like the bear, wild-boar, wolf, and beaver, have 
long since been extirpated, and from these backwards still 
to the seals, whales, and boreal shells that inhabited our 
firths and estuaries in times immediately post-glacial. The 
mtdor may readily trace this gradation in the estuarine 
deposits of the Clyde, Forth, Tay, or any other of our 
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larger rivers. "We take, for example, Stratliedan in !Fife 
(locally the " Howe " or hollow of Fife), and thei«, within 
a, distance of twenty miles, we have first the SBEd-banis 
and sand-drift now in course of formation along the outer 
estuary; a few miles inland a greyish " carse-tlay," with 
antlers of deer and bones of oxen, overlying a peaty layer 
of forest-growth replete with the stomps aiid tnintj of 
the oak, pine, hazel, alder, birch, and willow, marking an 
oscillation of the laud;* and still further up the Bttath, 
extensive deposits of sand and brick-clay, containing thfl 
remajna of whales, seals, northern sea-birds, arctic shelli, 
and star-fiahea, usually regarded as immediately poHt 
glacial 

Of Eeoent FormationB, the next that fall to be ctni- 
sidered are the Marine, or those accumulated in seas, md 
whose imbedded remains are chiefly of oceanic growth and 
habitat. Of course much of the sediment deposited in 
the ocean is brought down by rivers from the surface of 
the land, but we refer here to the areas in which it is col- 
lected, and the manner in which it occurs. Marine sill 
(mud, sand, and miacellaneous debris) is formed in every 
sheltered bay and recess of the ocean, where, under tlu 
influence of winds, waves, and tides, it gradually aconinn- 
lates till it banks out the water, and is converted into 
tracts of low-lying alluvial land. The f^te of Lincoln, 
and the polders of Holland, are familiar examples in oo 
own seas ; and as these have been formed, so have similtf 
fiats along every sea-shore favoured with the neceasBJ 
shelter and the necessary tidal sets. In many areas it v^ 

* This submarine forest, wUcli la wall exposed at the mflwij bri^ 
across the nffluent stream of the Motrie, JR at the same level andrfl' 
Bimilar character with those occnrring on the Tay, Forth, HumbW, B* 
cout of LiBcohishiie, DeYonehiro, LaacBsliire] and other loealitiea. 
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^^flifGcTilt to distmguiBh between eBtiiflrine silts uad silta 
thai are truly marinej but in all bays and recesses where 
there is no great entering river, the formationa may be 
regarded as belonging exclusively to the eea, Beaidea 
these Littoral or ehore-fomied silts, there are submarine 
slioals and banks accumulating far from land, and sedi- 
ments collecting in the stiller depths of the ocean. Every 
chart bears witness to the numbers of these shoals aud 
banks, and in certain areas every throw of the sounding- 
lead brings up evidence of the vastneas of these Pelagic or 
deep-sea deposits. On wave-washed shoala the accuniula- 
tions are usually sand and shingle ; liitt along the deeper 
flea-bed they consist of slimy muds — the " oaze " or " ooze " 
of the navigator.* And were such pelagic deposits up- 
raised into day land, they would rival the older formations 
alike in their geographical extent and in the diversity of 
their mineral composition and organic remains. 

Besides these truly marine sediments, there is another 
set of accumulations of vast extent and peculiar interest, 
which are partly marine and partly ^olian or wind-formed. 
We allmle to the sand-dunes, sand-drift, or linltB, whioh 
border most of the bays in our own islands, and indeed the 
haya and sea-shallows of every other country. Originally 
formed in the sea, the sands dried during neap-tides are 

• Spflaking of thia nmd, Captain Dayman, in Ilia 'Daeji-Sea Sound- 
ingB,' says : "Between the 15th and 4Stli degree of west longitude lies 
the deepest part of the ocean between Ireland and Kewfonndland, vary- 
ing from about 1600 to SOOO fathoms, the bottom of which is almost 
wholly eompoaed of the same kind of soft mealy substance, which, for 
mnt of a better name, I have calied oaze. This substance is remarkably 
■ticky, having been fonnd to adhere to the Bounding-roil and line thrangh 
its passage from the bottom to the sorlace, in aome instances itom a. 
depth of more than 2000 fathoms," On microacopic eiaminatfon this 
Mxe was found to consist for the most part cf foraminiferal organigms, 
tbeie being about BO per cent of calcaraoua, and only 10 per oeat of 
siliceous matter ; the mass when dried greatly resembling chalk in colour 
i> md consistency. 
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drifted inlaQd, and piled up in fringes of dunes or hiOoefa 
beyond the reach of the waves. By this process, contiiraed 
year after year, and century after century, the sea is gra- 
dually hanked back, and lai^e aandy tracts created, teires- 
trial and wind-blown above, hut marine and water-drifted 
helow. We once watched the sinking of a well in Uw 
sandy tract that stretches between St Andrewa and the lay 
(Pilmoor and Xentamoor Links) : the first fifteen or twenty 
feet were through wind-blown sands and thin layen of 
vegetable soil ; the remainder, to a great depth, was throng 
niaaaes of sanil, shells, gravel, and shingle, the drift of St 
Andrews Bay when its waves rolled several miles tai&ei 
inland than they do now. As with this instance so wilii 
others, whether along the shores of Holland, the Landea of 
Biscay, or the Eights of "Western Australia. These sand- 
dunes, from narrow fringes of a few acres to rolling as- 
panses of many square miles in extent, may be witaesaed 
along the seaboard of every region, one of the most strik- 
ing examples in Europe being the " Landea de Bora- 
deanx " (stretching southward from the mouth of the 
Garonne along the Bay of Biscay, and onwards towards 
Bourdeaux), with their shifting sandhills along shore, their 
dense forests of sea-pine farther inland, and beyond these 
artificially planted shelters vast expanses of heathy undu- 
lating sheep-runs. 

In addition to these littoral silts and pelade sediment^ 
there is another class of marine deposits which have of hit 
years much engaged the attention of geologists, partly from 
their varying and vast antiquity, and partly from the evi- 
dence they afford of repeated elevations of the land. "Wa 
refer to those " raised beaches " or " ancient sea-margins,' 
whose terrace-like flats are foimd fringing the seaboard (rf 
almost every region. Wore our own islands to be upraised 
to the extent of twenty or thirty feet, the present shores 
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IS where steep and rocky) woiild form a low fiinging 
terrace, here composed of gravel and shingle, there of sand 
and shelly dehris, and in another portion of silty eedi- 
menta. So it ia with theao ancient heachea ; their compo- 
sition is quite analogous, and their organic remoiua difTer 
with their relative antiiimtiee, or, which is the same thing, 
with their elevation above the existing aea-leveL Such 
ancient sea-margins, at various heights (9, 25, iO, 63, and 
120 feet), are very obvious along our own coaata, and, as 
already adverted to under " Crust-Motions" (Sketch No. 3), 
at atill greater elevations {400 or 600 feet) along the shores 
of Scandinavia, Spitzbergen, Siberia, Greenland, and arctic 
Iforth America. In South America also, both on the 
Atlantic and Facihc sidea, similar terraces are frequent and 
boldly marked — those in Peru and Chili containing the 
" Salinas," eo valuable as the repositories of the saite of 
soda, potash, and other kindred substances.* Wherever 
they occur these ancient beaches notch the earth's surface 
like a great scale of time — descending &om the glacial 
epoch down to the present day ; all that is wanting being 
the numerical expression of their successive stages in years 
and centuries. 

* The most important of these saline deposits (scIentificsU; as welt as 
nmmiGrcially speakinB) ure tiioss of Iqniqne In Pem. From six to four- 
teen leagncs t'roni the coast, and mnning pacnUel wiUi it tLrongh tlie pro- 
vince, at an elevation of 3000 feet or therealiouis, is the pampa of Tara- 
uagal. This plain or pampa has evidently lieen a sea-lahB, and in all 
. lOtelihood the rpsnlt of elevation by volcanic agency. There are other 
Bunor terraces or old sea-fiats between the tnaJii pampa and the sea, but 
thst of Taramugsl is the mast iinpoitant and productive. It consists in 
tome parts of many feet in thickness of sand induiated with salt, soft sand 
■with crystals of nitrate, and true caleches of concreted nitrate of soda 
■nd stony debris. The other salts found in the deposit are chloride of 
Kidlnm (common salt), biborates of time and soda, anlphates of lime and 
soda, inagneBian alum, lie. Iodine also exists with the nitrate, and 
tlircmghout the ralacheroi traces of boracic acid have been found in the 
water— the whole pointing munistakably to the mairine origin of the 
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The next class of Eecent Formations that &Us to he 
noticed, embraces all such as arise more immediately £N>in 
Chemical actions and reactions. It is true that chemical 
changes are incessantly taking place in every formation, 
whether of aqueous, of organic, or of igneous origin ; but 
we allude in the present instance to those which, like tra- 
vertine, sinter, bitumen, and the like, arise £rom deposition 
and exudation by mineral springs and other causes chiefly 
chemical Every one must have observed how the " petri- 
fying spring" of ordinary language incrusts the stems, 
leaves, and stones that lie along its course, the limy incros- 
tation thickening with time, and varying in magnitude 
according to the volume of the spring, and the amount of 
lime held in solution in its waters. To this set of deposits 
belong the travertines, calc-tuffs, and calc-sinters of the 
mineralogist ; and the stalagmites and stalactites found in- 
crusting the floors and depending from the roofs of caverns.* 
These calcareous masses are found of all ages, from the 
incrustations of the present century to the old cave-floors 
imbedding the stone implements of primitive men tmd the 
bones of extinct mammalia — cave-lions, cave-bears, hyaenas, 
mammoths, Irish elks, reindeer, and others, dating "back 
even to the tertiary epoch. As with calcareous depositions, 
so also with those of a siliceous or flinty nature, which arise 
generally from hot springs, such as those of Iceland, the 
Azores, California, New Zealand, and other regions. These 
siliceous tufas and sinters occur on a less extensive scale, 
bat they accumulate quite in the same manner, and imbed 

* Travertines are light concretionary limestones deposited jBrom waters 
holding lime in solution^ like those of the Amo and Tiber, hence TihertiM»i 
Travertinui ; Sinters (Grer. sintern, to drop) are compact calcareous and 
siliceous incrustations ; tuffs or tufcts, on the other hand, are light and 
porous ; stalactites (Gr. stallaso, to drop) depend from the roofs of calcare- 
ous caverns ; while stalagmites (Gr. stala^ma, a drop) are the more massiTe 
incrustations that accumulate on their floors. 



or Bilieify whatever oi^nism comes in their way. To this 
claes of deposits belong also all superficial ac«umuktionB of 
aaline substances (common salt, soda, nitrates of soda and 
potash, borax, &c.), sublimations of sulphur, exudations of 
bitumen and asphalt, and indeed all fonnationB arising more 
immediately from chemical action and reaction. Compared 
with meehankal accumulations, they are usually of limited 
dimensionF, but they ore often of curioua interest, and their 
atudy throws a flood of light on many of the older pheno- 
mena of the rocky crust. 

Among Eecent Formations those of Organic origin — that 
is, arising from the growth and decay of plants and H.niTnH]H 
— are, perhaps, the moat interesting and instructive. There 
is no phenomenon more familiar to British readers than 
the peat-mosses which occupy considerable tracts in every 
part of the country, and which, before the extension of 
modem agriculture, made their appearance over still wider 
areas. These peat-mossea are entirely of vegetable growth 
— mosses, aquatic plants, heath, and fallen forests ; and 
imbed isolated trunks of oak, pine, and birch, as well as the 
remains of man, oxen, deer, and other animals that have 
been swamped in their boggier portions. These accumula- 
tions are of all ages, from the growth of the current year 
back to the very close of the glacial epoch ; and their ex- 
tent and thickness depend entirely upon the nature of the 
area (its flatness, moisture, and shelter) in which they oceur. 
"We have witnessed a depth of thirty feet reposing on blue 
lake-silt which enclosed the remains of the extinct Irish 
deer; while in another district similar silts have been found 
beneath a peat-covering of less than a third of that thickness. 
"We have seen Roman remains of the time of Agricola found 
at a depth of twelve feet ; while in other tracts we have ex- 
amined the hewn stumps of trees, the plonk-roads, the lost 
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annour and cc>iii5 of the same inTadeis, at a depth of not 
iDore than five feet, and this all that had aocmnnlated sinoe 
the time ther marched their legions across the Lowlands of 
Scotland. As with the peat-mosses of Britain, so with 
those of Holland and the north of Europe generally, those 
of Canada, and Xorth America, and indeed of all tem- 
perate and coldly-temperate latitudes. They are of all ages, 
of varying dimensions and thickness, and of all d^rees of 
purity, from masses wholly and exclusively v^etable, to 
others more or less intermingled with earthy debris, or 
with the siliceous and ferruginous accumulations of micro- 
scopic plant-growths and animalcules. In warmer latitades, 
swamp-growths, jungle-growths, and other kindred vege- 
table accumulations make their appearance, the v^table 
mass in these cases being more macerated and decayed than 
in the true peat-moss, but still wholly or almost wholly of 
organic origin. These peats and swamp-growths are in 
reality the coal-formers of the present day (see Sketch No. 
9); nor let it be thought that in the aggregate they are 
either of inconsiderable thickness or of limited surface. 
In the peat-bogs of Europe, 20, 30, and 40 feet are no un- 
common depths ; the tundras of I^orthem Asia, though 
less pure in composition, are of much greater extent and 
thickness; the " Dismal Swamp" of the Southern States 
of America is 40 miles long by 25 miles broad ; the peat- 
moss of Anticosti is stated by Sir William Logan to be 80 
miles long, with an average width of two miles; and those 
in the lake regions of sub-arctic America are of stiU more 
extensive dimensions. 

As with vegetable accumulations, so with those of animal 
(nigin — the coral-reefs, shell-beds, foraminiferal deposits, 
bone-shoals, and guano islands of the current epoch. The 
xnoet obvious of these are perhaps the coral-reefs — ^the slow 
bat incessant secretions of myriad polypes within all the 



mer latitudes and elulloirei deptiiB of the octsn. 
Within thirty degrees on either side of the equator, and at 
depths within twenty fothoms, these polypes in nnmerons 
genera are perpetoally piling up their beautiful calcareous 
stractares ; here encircling lagoons, there fiinging islands, 
and in another area extending in long ridge-like barriers. 
Many of these coral-reefs are of vast extent — the great 
" Barrier" of New Holland being upwards of 1000 miles 
in length, and £rom 20 to more than 100 feet in thickness; 
and in aU, the mass is essentially composed of coral 
structure, but intermingled more or less with, shells, crusts, 
coral-debris, and other extraneous substances. There is 
nothing more marvelloas than this enormons secretion of 
rock-matter by the tiniest of agencies ; nothing more over- 
whelming to the conception than the number of individual 
organisms concerned in the work J And yet as it is now, 
BO it has been in all time past ; the same agencies have ever 
secreted the sorplns lime from the ocean-waters, and hnilt 
their reefs much in the same dimensions and much after the 
same style of construction. As with coral-reefs, so with 
terpulit-repfs (annelids that secrete calcareous cases); shell- 
beds, whether drifted or buried in situ ; hone-shoals drifted 
by currents, or frequented by fishes, seals, and other creatures 
that die and accumulate in myriads; and with gvano-deposits, 
the droppings of sea-fowls that have accumulated under a 
rainless sky for ages. All are alike of animal origin, and 
all are alike returning to the solid crust that which other 
(^ncios had dissipated and dissolved. The importance of 
these organic deposits — eerpula-reefi 12 or 15 feet thick, 
like those of Bermuda ; sliell-beds many leagues in extent, 
like those of the Indian Ocean ; hone-skoaU like that lying 
in the North Sea between the Faroe Islands and Iceland ; 
and ynano-deposits 40, 60, or 80 feet thick, like those off 
the coast of Pern — are not sufficiently recognised by geolo- 
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gists. As a cuiioiia illustration, we may notice the nnMPV 
of Sombrero, one of the West India group, which is almost 
entirely of organic origin. This islet, so called from its re- 
aemblance to a "sombrero," or low-ctowned Spanish hat, 
and situated about 130 miles east of Forto ^co, is about i 
two and a half miles long, one-half to three-fourths of a i 
mile wide, and rises from 20 to 30 feet above the level of \ 
the ocean. It is a barren rock, and appears to be entirely ! 
composed of the rich phosphatic mineral known in com- i 
merce as Sombrero guano. This substance imbeds numer- ; 
OUB bones of turtles and other marine animals ; and from ; 
its composition, which resembles bones deprived of their 
cartilage, it has been supposed (with every degree of proba- 
hihty) that the island was once a shoal swarming with 
turtles and other vertebrate animals, whose accumulated 
remains of ages have been cemented together, and gradually 
elevated above the ocean-level to the present position of the 
island. The history of such an accumulation is interesting 
not only on its own account as a Recent Formation, tut '! 
from the light which it throws on the or^in of osseous ji 
breccias belonging to earlier epochs. 

Besides those more obvious operations of plants and 
animals, there are others equally extensive though less ' 
apparent. The very lowest forms of life — ojganisma that 
stand, as it were, between the confines of the vegetable and ' 
animal kingdoms, and which require the aid of the micro- 
scope to reveal their forma — are equally busy, in equally 
inconceivable numbers, in accumulating their calcareous l' 
and siliceous remains. The calcareous oaze or mud of the |; 
deep seas, extending for thousands of miles, and of unknown ! 
thicknesa, is, as we have seen under the head of Marine I 
formations, chiefly composed of the minute shells of fora^ 
Tiiinifera ; and many siliceous muds in lakes, estuanes, and , 
even in the deeper waters, are composed in like Tunnriqi- 
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of the flinty shialda of polyciatince and diatomacefe. The 
foraminifers and polycffitines belong to the animal kingdom, 
the diatoms to the vegetable ; but all rer[uire the higher 
powers of the mieroaoope for their study, and when ob- 
servorB speak of miles of diatomaceous earths, and thou- 
sands of miles of foraminiferal muds, the mind ia utterly 
impotent to grapple with the conception of the mimhera 
of individual organisms that must have contribnted their 
quota to the aggregate amount. But so it often happens 
in nature, that the most gigantic results are brought about 
by the minutest agents, and by the most imperceptible | 
atages — the main conditions being incessant activity and 
unlimited duration. 



The last of the £ecent Formations that Ml within the ' 
scope of our Sketch are the Volcanic, or those that have , 
arisen from the substances discharged hy modem volcanoes. 
These formations will consist mainly of lava in its different 
varieties, of tufa or compacted dust and ashes, of sconcB 
or cindery and slaggy matter, of pumice, obsidian, lapiUi, 
and agglomemfeg that have accumulated by the waahing 
together of heterogeneous volcanic products. The pro- 
ducts of every active volcano are more or less an e 
tome of those of all the rest ; for though some, like those | 
of the Andean cones, consist mainly of light cindery dis- 
charges, the great majority are admixtures, in varying 
sheets and masses, of all the substances above enume- 
rated. Now a shower of dust and ashes blown aloft and | 
scattered over one or other side of the mountain ; now 
overflow of lava slowly wending its way for miles down | 
the nigged slopes ; now explosive discharges of slag and , 
cinders ; and anon some gigantic lava-stream envelop: 
the whole in its rocky mass — ^ain to be overlaid by re- 
peated successions of similar materials. Etna, Vesuvius, 
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and Hecla may be taken as familiar instances of volcanic 
accnmnlations, and as these have added hundreds of feet to 
their height, and cast their discharges for miles around dur- 
ing the current epoch, so have all other active volcanoes 
been similarly adding to their altitudes and lateral dimen- 
sions. One has only to cast his eye over a map of Yolcanic 
lines and Centres to see what a large area of the globe 
must have received accumulations of this kind within modem 
times — ^partly as mountain masses piled up on land, partly 
as islands upheaved from the sea, ^md partly as submarine 
sheets that have flowed as lava, or been cast abroad in 
showers of dust and ashes. All along the Andes, Central 
America, Mexico, the West Indies, and the north-western 
shores of the New World, volcanic accumulations have 
taken place, and are still taking place, on a grand scale. 
The same may be said of the Aleutian Islands, Kamtchatka, 
Japan, the Philippines, and the East Indian Archipelago ; 
while over the bosom of the Pacific, along the Atlantic 
islands of Africa, in the Indian Ocean, in the Southern 
Ocean (as New Zealand), and in the Northern (as Iceland), 
similar phenomena have marked the course of the Tertiary 
period, and must, if we can judge from their present dis- 
plays, have materially contributed to the exterior crust of 
our planet. Indeed, as there is no other Eecent formation 
more obvious in its character and mode of accumulation, 
so there is none more rapid and gigantic in its results — 
a few months being often sufficient to pile up hills of slag 
and scoriae, or spread abroad sheets of lava hundreds of feet 
in thickness, and many square miles in extent.* But it is 

* Sir W. Hamilton reckoned the current which reached Catania in 
1669 to be 14 miles long, and in some parts 6 wide ; Recupero measured 
the length of another, upon the northern side of Etna, and foimd it 40 
miles ; Spallanzani mentions currents 15, 20, and 30 miles ; the stream 
that flowed from the Skaptar Jokul in Iceland in 1783 was about 50 miles 
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Htbt to the mere Tolcaso alone that we must look for the 
full effects of vulcanic energy. The earthquake and crust- 
motiona alluded to in a former Sketeh (No. 3) ore in like 
maimer ever husy in moulding ajid modifying the earth's 
exterior — the former fracturing and fiasuring the rocky 
crofit, and giving tenfold signiUcauce to the discharges of 
the volcano, the latter silently elevating the eea-bed into 
dry land, or submerging the dry land beneath the ■watera. 

Such is a rapid eketch of the Post-Tertiary or Quaternary 
formations, which, though recent and superficial to us, will 
become old and deep-seated to the observers of future ages. 
Scattered over the land, and spread out under the watera, 
they are not only eveiywhere present, but of all dates, 
from the accumulations of the current century back to those 
that mark the close of the glacial epoch. Indeed, the main 
difficulty connected with them is to assign their respective 
dates, and fix a scale of chronology that will be at all gene- 
rally applicable. Superposition can only be appHod in very 
limited cases; and mineral composition is of little avail, 
as the older are of^en as loose and unconsolidated as the 
younger. The only satisfactory test is fossils, striking back 
from the existing flora and fauna of any locality to those 
that have been removed from that locality, and from these 
bock to such as have become totally extinct. In this way 
we may speak of Upper, or those containing existing plants 
and animals ; of Middle, or those characterised by plants 
and animals locally extirpated ; and Lower, or those marked 
by organisms now wholly extinct. As regards Man, they 

long, by 12 or 16 in ifa greatest breadth, and from 20 to 600 fart in 
thickness, acuording to tlia naturo of the ground ; while Dr Coau eati- 
matea the discharge of Manna Lqa (one of the Sandwich Island Tolcauoea) 
in Angnat 185.1, at 70 miles long, with a varying width from 1 to 6 miles, 
and from ten to aevBral hundred feet in tbickness. 
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may be arranged into Pre^iuman and Human — ^tlie foimei 
containing no traces of man or of his works, the latter heing 
here and there characterised by sach remains. And even this 
Human period may be conveniently sabdivided into Pre- 
higtoric and Higtoric — ^the former, like the flint implements, 
shell-mounds, and caye-dwellings, dating back far beyond 
the reach of history, the latter coming within periods to 
which we can assign something like a date in years and 
centimes. But whatever the arrangement, we clearly per- 
ceive that some are very ancient — so ancient as to meige 
into the close of the glacial period, — and others very recent — 
so recent as to be still in progress of formation. Nor let it 
be imagined that, because recent, these accumulations are 
limited and insignificant. All that is necessary to make 
them rival the older formations in extent and thicknesa is 
time J and this is an element as unlimited in the future as 
it has been prodigal in the past. 

During the deposition of the more ancient, the mam- 
moth, woolly-haired rhinoceros, hippopotamus, cave-lion, 
cave-bear, hyaena, and great Irish deer, were inhabitants of 
Western Europe ; herds of mastodon roamed over the river 
and lake flats of North America; the plains of South 
America were densely peopled by the megatherium, megal- 
onyx, glyptodon, mylodon, and macrauchene ; and Austra- 
lia, with more gigantic forms of kangaroo and other marsu- 
pials. At this period we have no traces of man save in 
Southern and Western Europe * (the only tracts yet suffi- 
ciently examined); and there savage races seem to have lived 
in caves and wigwams, fashioned stone and flint implements, 



* We do not lose sight of the fact, that implements fashioned out of the 
native quartzite of India have been found in the alluvial laterite of Madras 
and North Arcot, but merely hold it subordinate till the discovery of as- 
sociated organisms enable geologists to form a more definite idea of the 
relative antiquity of these lateritic deposits. 



and Buliaisted chiefly hy hunting and fishing. During the 
deposition of the lees ancient or middle formations the I 
earlier fauna liad in a great measure disappeared, and speciea 
of ox, deer, horse, wild-hog, wolf, bear, and other existing 
genera had taken their places. To this period belong the 
extinct spociea of os, horao, and deer, which have been found 
alike in Europe and America ; and perhaps also the gigantic 
ostrich-like birds of Madagascar and New Zealand — the 
lepiornis, dinomis, palapteryx, and their congeners. The 
wen of Western Enropo still fashion their stone and bone 
toola and tree- canoes ; but traces of underground Btone- 
' dwellings, and pile- dwellings in lakes, with doubtful indica- 
tions of metal implements, bespeak an advance 'and miirk 
the first stages from savagery to civilisation. During the 
deposition of the more recent, the flora and fauna of every 
region have remained much as we now behold them.* A few 
general 'extinctions, like the dodo, solitaire, great auk, and 
rhytina,+ have been recorded ; hundreds of local extirpa- 
tions and removals (like the original flora and fauna of our 

* According Ifl Professor Heer, tha natire floia bdcI raim a of Switzerland 
hriTe reniained qiqcIi tha paDic since the time of the earliest lalte-dwell- 
uigs, vbile llie cnltivated plants And doiuflaticated animala have paseed 
into totally dlfTersnt varitities. If tMa obseTvaUon be correct, it tends to 
■how that orgnnic changes are slow or mpid in proportion to the physical 
chongea to which life is sabjectvd, and that where the physical surronnd- 
inga undei^ slow and gradual mutations [which In the conimon comae of 
Satare) plants and animals may exhibit little variation for ages. It is 
tbnsthat the specific changes recorded by Patentology afford the atrongeat 
evidence of the incalcnlable lapse and length of geological time. 

t The circnmstancea connected .with the extbiction of the dodo, soli- 
taire, and great ank, aie well known. The rhytiua, a phytophagooa 
Biienian, discovered hy Steller on Behring Island in 1741, is also conaid- 
erad aa completely extirpated— the last individual having been killed in 
17SS. Unlike the manatees or sea-cows, the rhytina was edentate, having 
speiualbony palatal apparatus for the cmshing of its food. Its aub-fossil 
remains (from 3 to 2i feet in length) are now eagerly songht after for our 
" one or two specimens, we believe, were eihnmed in 
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own islands) have taken place under the aggressions of 
man; and man himself has risen through, the successiye 
stages of stone^ bronze^ and irouy to what we now behold 
him. We pass from pre-historic to historic times, but still 
there is no cessation. The agencies of nature are as busy 
now in moulding and remodelling the rocky crust as ever 
they were. From their slow and gradual operation we may 
fail to appreciate the results ; to the future, however, they 
will appear in all their vastness and universality. 
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UsuKE tho periods of human history, those of t 
have no definite espression in years and centurioa. We 
speak of eras and epochs, of cycles and syetema, but these 
are merely relative terma. They have no definite duratioji ; 
the one merely precedes the other, and the larger may in- 
dnde many recurreiices of the lesser within ite limits. In 
speaking of geological time this is all that la signified. ; in 
fixing the dates of geological events this is all that can be 
feirly asserted. The Primary merely precedes the Secondarj-, 
the Secondary the Tertiary, and the Tertiary the events of 
the Current epoch. "We may subdivide these greater stages 
into narrower limits, and talk of Laurentian, Cambrian, 
Silurian, Devonian, Carboniferous, Permian, Xriaasio, Ooli- 
tic, Cretaceous, Tertiary, and Eecent rock-systems, and this 
is no doubt restricting events to more precise bounds, but 
it gives no definite idea of duration, nor tells ua how long 
the Chalk preceded the Tertiary, or the Tertiary the occur- 
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rences of the existing epoch. We can judge from its thick- 
ness, and the nature of its rocks and fossils, that one sys- 
tem took much longer time to accumulate than another, 
hut we cannot venture, hy any known method of compu- 
tation, to say how long in years. All that we have to do 
with is relative time ; and even in dealing with the current 
epoch, should we assert that certain events took place more 
than six thousand or eight thousand years ago, we are 
simply asserting a provisional opinion, and not maintain- 
ing a helief like that founded upon the written record of 
hiunan history. 

The geological record is thus relative and not ahsolute ; 
and when we arrange it, as in the suhjoined tahulation, 
into Primary, Secondary, Tertiary, and Quaternary, we are 
merely asserting a certain order of succession, and this suc- 
cession not always clearly defined over certain areas. In- 
deed, it is often impossihle to define the houndaries of the 
minor stages, portions having heen removed hy denudation, 
others overlaid hy more recent deposits, and some heing 
partially suhmerged beneath the waters of the ocean. Again, 
though the thickness of one formation may seem to have 
required a longer time for its acciunulation than another of 
smaller dimensions, yet in the one case the rate of deposi- 
tion may have heen much more rapid than in the other, 
and the thinner may, after all, have required the longer 
period. Still further, though organic remains are most im- 
portant aids, yet they are often absent from certain beds, or 
if there, these beds are not sufficiently exposed to investi- 
gation, and our information becomes in this way fragmen- 
tary and defective. Neither in sequence of events, nor in 
expression of time, does Geology lay claim to exactitude. 
Its cultivators are successfully labouring to complete the 
one, and they are hopeful of arriving at more definite terms 
in the other ; but this is all in the mean time, and the fol- 
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Wwrng arrangenieiit expresses the amonnt of their infor- 
mation : — 



Cretaceoua or Chalk. 

Oolitic or Juraasic. 

Triasaio or Upper New Red Sandstone. 

Perminn or Lower New Red SandskinB. 

CarboniferouH or CobI Bystom. 

Old Red Sandstone and Devonian. 



4 



(Davm Lifs.) \ Laurentian. 

In this arrangement the terms Eozoic, Palfeozoic, Mesozoic, 
and Cainozoic, indicate the chronological stages having re- 
ference to the aacent of hfe ; and Laurentian, Cambiian, 
Silurian, &c, those having reference to the different for- 
mations whose depositions mark the successive physical 
operations of nature. By this arrangement the geologiat 
simply asserts that the Laurentian preceded the Cambrian, 
and the Camhrian the Silurian, but no opinion is expressed 
as to the amount of time required for the deposition of the 
Laurentian, or ■whether the Cambrian occupied a longer 
time in formation than the overlying Siluiioru We may 
feel convinced, from the total thickness of a system, the 
(lltemationa of its strata, and the succession of its fossils^ 
that it occupied a much longer time in formation than 
another system ; bat this is not expressed in the above 
arrangement, which merely affirms a sequence from older 
to younger, and from the earliest ascertainable operations 
to those stiU taking place around us. 

Such is the chronology of Geology — a chronology to which 
investigators endeavour to conform the rock-formations of 
the globe ; and although the Chalk of one country, for ex- 
ample, may not have been exactly contemporaneous with 
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the Chalk fonuation of another region, Btill wo know 
it stands intermediate between the Oolite and Tertiary, and 
can therefore a^gn to it a place relatively to these forma- 
tions. In some region yet unexplored a whole suite of 
strata may bo discovered older than our Carhomferoua, and 
yet younger than our Old Red, and in such a case geolo- 
gista would give the new formation a name, and place it as 
intermediate between these two systems. It would disturb 
no established order, but merely render more complete the 
sequence, lite the interpolation of a hitherto unknown reign 
in the dynasties of human history. The geological record 
is thus a thing of mere sequence — an inconceivahle amount 
of unexpressed time, during which certain events follow Bflct 
other in definite order. How many ages have elapsed since 
the first deposition of the Laurentian strata we cannot tell ; 
how many centuries were spent in the formation of the 
Coal-measures of any locality, we can only, estimating fiom 
existing operattonsi offer the widest conjecture. But we 
can affirm with certainty, and this is a great point gained, 
that one rock-system is younger than another ; that iheae 
rock-systems follow in the order ahove given ; that accord- 
ing to our present knowledge invertebrate life preceded the 
vertebrate ; that fishes preceded reptiles, reptiles birds, uid 
birds manunalia.* We can also affirm, what it is the ob- 
ject of the present Sketch to prove, that as there has been 
an ascent in time feom lower to liigher forms of life, bo 
Man, being the highest known creature, comes latest on the 
geological stage, and that evidences of bis existence bib tn be 
found only in the most recent and superficial formations. 

It will be seen from the preceding statements that the 
geobgioal record is avowedly indefinite and defective — ^in- 
definite, as it deals only with relative time; and defectivB, 
as many strata cannot be assigned to their proper positions, 
* See taliutatioD. of aa^endiag arders, p. 29. 
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"^rtly from the obscmitiea of auperpOHition, end partly from 
the aTjsence of typical fossils to connect them. But, while 
admitting thia defect in details, it must not he imagined 
there is any uncertainty as to the broader features of the re- 
cord, or that any new discoveries have ever been at variance 
■with the great order of sequence which modem geology has 
established. Man, so far as every known fact tends to 
indicate, belongs exclusively to the Eecent or Post-tertiary 
period. No remains of his kind, no fragment of his works, 
no traces of his presence, have ever been detected in earlier 
formations. But though this is admitted on all hands, the 
questioa still remains, at what stage of the Post-tertiary 
are traces of his existence first detected 1 Till recently the 
general tehef has been that man's first appearance on the 
globe dates back, at the very most, to Httle more than six or 
seven thousand years ; and so incorporated had thia belief 
become with others of a more sacred character, that few, 
even though doubting, had the boldness to express a con- 
trary conviction. Like the age of our planet, which was 
^o at one time restricted to a few thousand years, the 
antiquity of man has become a question of science and _ 
reason ; and well-informed minds are now prepared to admit 
that as the earth has existed for untold ages, so man, its 
latest creation, may have inhabited its surface for hundreds 
of centuries. The evidence is purely geological, and as 
such ought to he treated like any other problem in science, 
without bar or hindrance from preconceived opinion ; or, as 
it has heen well said by Bishop Xnit, in his address to the 
Philosophical Institution of Edinhui^h, " The man of 
science ought to go on honestly, patiently, diffidently, 
observing and storing up his observations, and carrying hia 
reasonings unflinchingly to their legitimate conelusionB, 
convinced that it would be treason at once to the dignity 
of science and of religion, if he sought to help either by 
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swerving ever so little from the straight rule of truth." 
investigating the antiquity of """i we are dealing with a 
question of natural history, and are bound by the same 
methods of research as if we were treating of the history 
of the mammoth or mastodon. Oui business as geologists 
is to examine the rock -formations composing the earth's 
crust, to note their imbedded oi^aoisms, and to fix their 
relative antiquities. Wbetever the remains of man or of 
his works occur, there, we presnme, has been his proaenoe ; 
and though we camiot assign any definite date to the tims 
of such occurrence, we are at all events entitled, judging 
from all tlie correlative circumstances, to say that it took 
place more than six thousand, ten thousand, or twenty 
thousand years ago. In other words, we are bound to deal 
with Man's antiquity as with any other question in geo- 
logy J and though our dates be merely relative, we can 
affirm the order of sequence, and arrive at some notion 
of duration from the mte of existing operations. 

Abiding by these metbods, we find the remains of man 
and of his works gradually receding from the historical into 
the pre-hiatoric ages. In Southern and Western Europe — 
tbe only regions that have been examined with anything 
like geological accuracy — these remains occur in peat-mossea, 
in lake-silts, river-drifts, and cave-earths, and from thar 
associated organiama we judge of their relative antiquitiea. 
If tbey occur along with the remains of the existing horse, 
ox, sheep, pig, and. the like, we know that they are. compa- 
ratively recent, and in all probability belong to the histoifc- 
era. If, on the other hand, they are found accompanied by 
remains of extinct Biieeies of horses and oxen, we know 
they are of greater antiquity ; and if such horses and oien 
are not spoken of in history, or represented in human monu- 
ments, then we are entitled to regard them aa pre-liiatoiie. 
Or again, if they are associated with remains of the gie«t 
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EtbIi deer, the mammoth, mastodon, wooDy-haired rhino- 
ceros, and other animata long since extinct, we feel assured 
that vast changes in physical geography have taken. plac« 
aince their entombment, and aj* entitled to assign to them 
a still higher antiquity. In fact we know that all changes 
in physical conditions, and all removals and extinctiona 
of life, take place hy slow and silent stages, and that the 
greater the difference between the existing and the extinct, 
the longer must bo the time that haa elapaed since their 
extinction. By methods snch aa these we con establish a 
scale of old, older, oldest ; and there need be no more un- 
certainty about the results obtained by such methods than 
there ia about the results obtained by the historian in 
modem, medieval, and ancient histoiy. 

Another method hy which we arrive at notions of relative 
antiquity is by the implements and works of art that occur 
in recent formations, or accompany the remains of nmn . 
We know the phases of modem, medieval, Eoman, Greek, 
Egyptian, and Babylonian art, and can assign something 
like a historical date to such objects and the accumulations 
in which they occur. We know, too, that man employs tools 
of wood and stone long before he learns the uses of the 
metals ; and that he reduces the softer metals, and works in 
copper and bronze, long before he has acquired the mastery 
over iron and steeL In this way we speak of the ages of 
done, bronze, and iron, the one preceding the other, and 
forming, as it were, a rude scale of time for the antiquarian 
and geologist But while one nation may he working in 
iron, another more belated may be working in bronze, and 
a third, still mora remote and savage, may be adhering to 
implements of wood and stone. To be of any use, this 
scale of stone, bronze, and iron, must he applied to the same 
district; and when so applied, archffiologists are now pretty 
well agreed that it marks with considerablo certainty the 
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variona stages of relative antiquity. Of coot 
plemenia of iron ever found along with remains of msnt' 
moth, and mafitodon, the scale would be utterly worthless; 
but ivhon Btone tools invariably accompany the older re- 
mainB, and thoae of bronze and iron those of younger and 
younger date, then we feel asaured from, thia concordance of 
the implement scale with that of the animal that we hare 
hit upon a pretty esact method, go far as Europe at least 
is concerned;* and it is by both of those modes that man's 
place in the geological record has been mainly deternuned. 
It will be seen that in. speating of implements of atono, 
bronze, and iron, the geologist is trenching on the field of 
archiEology, and the atchteologiat on that of geology. Both 
must, in fact, lend their aid in solving the question of 
man's antiquity ; and whether it be by sepulchral barrowB, 
by shell-mounds — the old fcaating-stations of our northern 
ancestors — by pile-dwellings in lakes, or by flint implements 
in liver-drifls, ninch the same kind of reasoning must be 
employed by both. A lake-dwelling, with implements of 
stone and bronze, may carry us no further back than the 
time of the Eomana ; while a tree-canoe, hollowed out by 
fire, and found imder twelve or fourteen feet of river-silt, 
may take us thousands of years before Rome had a founda- 
tion. The inhabitants of Northern Europe may have lived 
on ahell-fish and been wrapt in skins when the Pharaohs 
were clothed in fine linen and purple ; but when we find 

* Some arcliiEolagieta divide the Stone Period into tlie palaioliOac wd 
neolithic Etages— the former tlie age of rude alone iiupIementB, and whan 
man shared the passesaioTi of Europe with He inamnioth, the care-'beir, 
the voolly-haired rhiaoceros, and other extinct animals ; ajid the latter 
the age of polished Btoaa implements, and when man be^;an to domesti- 
cate the di%, ox, horse, and other existing mammalia. In this irayve 
bare toui stages of pre-hiatoric time : — 1, the Ancient Stone age ; 2, the 
Newer Stone age ; 3, the Bronze age ; and, 4, the Iron age. Foe innch 
interesting and well-condenaed information on this topiu, see Luhbock'a 
' Pie-hist«ilo Times,' 18S5. 
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atone implemeiita associated with worked liorna of the 
great Irish elk and reindeer, and with hones of the musk- 
ox, mammoth, and woolly-haired rhinoceros, and these in 
silta and drifts that indicate great physical changes in the 
geography of Europe, then we may rest assured that these 
monuments are pre-hietorii: and of unknown antiquity. We 
have no indication in history that the mammoth, rhinoceros, 
or Irish deer were inhabitants of Southern and Western 
Europe ; nothing either in history or tradition that points 
to the time when the reindeer and musk-ox roamed in the 
latitudes of France and England. It is true that natural 
events are rarely noticed in ancient history, and especially 
those of slow and gradual occiurence like the facts of geo- 
logy; still it maybe safely asserted that during the historic 
period none of the animals above referred to were inhabi- 
tants of the southern and western portions of our continent. 
Whatever the date of these stone implements, and their 
associated mammoth and rhinoceros remains, they clearly 
belong to pre-historic times ; and the question is thus 
narrowed to the relative autiquities of certain events which 
occurred far beyond the reach of the oldest history and 
the remotest traditions. 

In dealing with pre-historic monuments, we may adopt 
either the methods of the arohieologist, who founds chiefly 
on the comparative rudeness and simplicity of the rehcs, or 
those of the geologist, who looks mainly to the superposi- 
tion of the beds in which the relics occur, or those of the 
palsontolopist, who argues from the specific differences of 
the flora and feuna ; or we may adopt a mixed method, and 
reason from all that archieology, geology, and paleontology 
supply. Adopting this latter plan, we reason from the 
Idce-ailts, peat-mosses, and delfic deposits containing stone 
implements and tree-canoes, associated with the bones of 
extinct varieties of the horse and ox, back to similar depo- 
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sits and cave-earths imbedding ruder implements and re- 
mains of the Irish deer, reindeer, and musk-ox, and from 
these again to deeper river-gravek and brick-earths con- 
taining implements still simpler in fashion, and associated 
with the relics of mammoth and rhinoceros. Considerable 
changes in the physical geography of Europe must have 
taken place (as these silts and peat-growths imply) since 
the time of the primitive horse and long-fronted ox ; still 
greater must have taken place since the reindeer and musk- 
ox found a suitable climate in the latitude of France and 
England ; and greater still since the mammoth roamed in 
the pine forests and over the plains of the same regions. 
Admitting the changes, the question remains. How shall 
we estimate the lapse of time required for their fulfilment? 
K they are changes of a physical kind, we estimate accord- 
ing to the rate at which similar changes are taking place 
at the present day ; if of a vital kind, by the rate at which 
extinctions and creations seem to have been eflPected in 
former epochs ; and if of a kiud involving the progress of 
our own race, we know that civilisation in the long-run is 
only arrived at, even under the most favourable circum- 
stances, by slow and gradual stages. 

Guided by these methods, the pile-dwellings in lakes (the 
pfahlhauten of Switzerland and the crannoges of Ireland 
and Scotland*) carry us back to the earlier Celtic times, 
and may range from two to four thousand years, but clearly 
they are not of the vast antiquity some archaeologists have 
imagined, and though pre-historic in Europe, may have been 
contemporary with historical events in Egypt and Western 
Asia. Estimated by the implement-scale, they belong alike 
to the ages of iron, bronze, and stone, and mark the long 
occupancy of South-western Europe by the same partially 
civilised but gradually improving race. As regards the 
* For an account of these Lake-dwellings, see note, p. 254. 



iitell-moiuida (the Kjokken-jnodding* of Decmark) and 
cave-dwellings of Belgium and France, they seem to indi- 
cate the presence of a pte-Celtic people, simpler in their 
mode of life, less civilised, and only acquainted with the 
nsB of implementa in stone, wood, and bone. Smaller in 
stature than the Celt, round-htaded, hunters and fishers, 
these pre-Celtic racea never seem to have cultivated the soil, 
or to have settled down in fixed situations. Western 
Europe appears to have heen their home before the Celts 
left the mountains of the East ; and five or six thousand 
years ago may mark the date of their occupancy of the 
regions where now are found their shell-mounds, cave- 
dwellings, and kindred rehquise. Still earlier than these 
pre-Celts, Southern Europe to the shores of the Mediter- 
ranean, and Western Europe to the limits of the British 
Islands, aeom to have been occupied by a ruder hut perhaps 
kindred race — the lashionera of flint implements, and the 
contemporaries of the reindeer, the mammoth, and woolly 
Eeindeer, hairy elephants, and woolly-haired 
i, in the latitudes of France and England, bespeak 
a severer climate than at present prevails, and under this 
boreal climai« these rude races seem to have earned a scanty 
subsistence, by hunting and fishing along shore, hy lake, 

* Literally " Mtchen-middena ; " tte aama giTen by tho Danes to car- 
tain mounds which occur along their sea-coaeta, and wluch consist 
cliielly of the castaway sheila of the oyster, coclde, perininldB, and other 
edible kinds of slieil-tish. These mounds, which have also 'been found 
on thu Bhores of Moray and the north of Scotiaad, are from 3 to 10 fc«t 
high, and from 100 to 1000 feet in their longest diameter. They greatly 
rflsemble heaps of ahells formed by the Red Indians aloog tlie eastern 
shares of the United States, before theae tribes were extiquited. The 
" Mtchen-mlddena " of Europ* are ascribed by arohteologiats to an early 
people nnaccjnalnted with the ^aa of metal, as all the implements found 
in them are of stone, horn, hone, or wood, with fiagnioiita of rude pot- 
taryand traces of wood-flres. All the bones yet found are those of wild 
animals, with the exception perhaps of the dog, which seems to have 
been domesticated. 
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and hy river-side. And it is generally in such sitnatH 
that their flint implements are found associated with the 
bones and tusks and horns pf these extinct mammalia. 
But these implements (like those of Abheville, &c.) are 
often found at great depths, and at altitudes aliove the 
levels of existing rivers, that prove the occurrence of great 
physical changes in these regions; and this, taken in con- 
junction with the extinction of the mammalia and the evi- 
dent amelioration in climate, bespeaks a vast antiquity 
compared with the shell-mounds and pile-dwellings of 
the preceding races. A vast antiquity I but whether ten, 
twelve, or twenty thousand years, we have in the mean 
time no mode of precisely determining. 

Physical changes proceed at rates too uncferiain to con- 
Btitate a scale of chronology, and we know too little of the 
law of vital development to found upon the duration and 
extinction of species, But if we may judge fi-om existing 
operations, and if we may estimate from the specific changes 
in life now going on around us (and this with all the inter- 
fering influences imposed by man), then the time mnat be 
vast indeed since these primitive races were the inhabitants 
of Southern and Western Europe. We do not contend, 
lite some, for thousands of centuries ; but we argue for 
triple or quadruple the amount that has hitherto been as- 
s^ed to human chronoli^. Let us look fairly at t 
facts: the river-drifts, cave-earths, and lake-silts are, no 
doubt, very ancient, but there ia nothing connected there- 
with that may not (computing by existing operations) have 
been accomplished in ten or twelve thousand years. Again, 
the mammoth, woolly rhinoceros, cave-hon, cave-bear, and 
oave-hyeena, are but species of existing genera ; and so little 
do they vary in general character from those still living, 
that their appearance at the present day would excite no 
marveL The whole aspects and surroundings of these ex- 
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malia are in truth geologically reeent ; and whea we 
further consider the fresh condition in whioh some of them 
occur in the ice- gravels of Siberia, -we are eompdled to 
-withhold iiom them an unlimited antiquity. It is a sound 
maxim in palseontology, that the greater the divergenM of 
any epeciea from existing species, the greater ita antiquity ; 
and founding on f^l^ia rule, the mammoth, mastodon, and 
their huge congenere, cannot lay claim to the vast ontiquity 
which many geologists have heen so anxious to assign to 
tham. Still, with all these facts and allowances, it must 
ever be remembered that the occurrence of hairy elephants 
and woolly rhinoceroses in Western Europe bespeaks a 
much colder climate than the present ; and as changes in 
climate can 'only arise from great physical changes, great 
alterations must have taken place in the external conditions 
of our continent. Such changes aie ever slow and gradual, 
and thus we are compelled to admit a high antiquity to the 
fashioners of these flint implements and theii contempora- 
ries, the manmioth and mastodon. 

Indeed, the existence of a boreal climate neceBsitating 
shaggy coverings for the elephant and rhinoceros, would 
seem to carry ua back to times immediately post-glacial— 
that is, to the time when the last traces of the glacial 
epoch were gradually being effaced by the advent of a 
more genial and equable climate. Were this the case, 
the appearance of man in Europe would be coeval with 
the earlier Poat-tertiariea, and hie antiquity much higher 
than the majority of geologists are yet prepared to ad- 
mit. But his occurrence in Europe does not settle the 
question of his first appearance on the globe. On the 
contrary, the human race, in one or other of its varieties, 
may have existed for ages in Asia or Africa before it 
found its way to Western Europe, and, indeed, all that we 
knov of language and ethnology eeems to point to this 
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conclusion. Before we can arrive at the alxsolute anti- 
quity of man, or of his real place in the Geological Record, 
we must know more of the Asiatic and African Post-ter- 
tiaries, and more of the correlation of these to the Post- 
tertiary accumulations of Europe. We must also learn to 
deal with man as with other fossil genera, and instead of 
seeking for mere variations in skull and facial angle, we 
must be prepared to admit variations that amount to true 
specific distinctions. All animals in the history of the 
past, if they have existed long enough, break into varieties 
and species ; and it will be a proof of man's comparative 
recentness, if we can discover no wider difference than mere 
varieties ; but, on the contrary, it will be evidence of his 
higher antiquity, if zoologists can show that any variation, 
past or existing, is so great as to entitle it to be ranked 
as a specific distinction. Man may be the sole species of a 
single genus, but in this particular zoologists have departed 
from the true Baconian method, and dealt with man as if 
he did not belong to the same category of vitality with 
which it is the duty of their science to deal ; and not till 
they have learned to treat him from a natural-history point 
of view, can we hope to receive from them anything like 
truly philosophical opinion. 

As the matter stands at present, we have evidence of 
man's occupancy in Europe during the formation of the 
earlier Post-tertiaries, and during the period when the rein- 
deer, musk-ox, hairy elephant, and .woolly rhinoceros 
roamed over its surface. The existence of these animals in 
Western Europe betokens a somewhat boreal climate, and 
in all likelihood man gradually took possession of the 
continent as the climate began to improve on the gradual 
recession of the glacial epoch. Arranging the Post-tertiary 
system, as has been proposed, into Mammothiany Bein- 
deer, and Bovine stages, we find man occurring at least 
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■ during a portion of the Mauunothion stage, and thus be- 
speaking for Mm a vast and Tonerablo antiquity — unex- 
pressed in years, no doubt, but not on that account the 
less certain in its existence and duration. But while man's 
place in the geological record belongs to the earlier Post- 
tertiaries in Eiirope, older varieties of his race may have 
existed for untold ages in the regions of Asia and Afidca, 
&om which in all likelihood the European branches were 
descended.* On the advent of the glacial epoch over the 
latitudes of Europe, the pre-glaoial aniinals seein to have 
receded to southern and more genial climates, and again on 
its departure they appear, in some of their epeciea, to have 
returned to the old areas. It was during this post-glacial 
return that man seems to have made his first appearance in 
Europe — a fisher and hunter, forming rude stone imple- 
ments, and, 80 far as geology has discovered, very low in 
the scale of civilisation. But while Mammothian man was 
struggling along the river-banka of Europe for a scanty- 
subsistence, other families of his race were in all proba- 

• "It is not under the hard oonditiona of the glacial epoch inEarope," 
says Dr Falconer, "tliat the earliest rellce of the hnman race upon the 
globe are to be sought. Like the Esquimaux, Tdiulicbe, and Bamoyeda 
on the shorsa of the ley Sea at the preaent day, man mast havfl been 
then and there an emigrant placed nndiir circumstances of rigcrona and 
uncertain existence, nnrBvouiahle to the straggle of life and to the main- 
tenaiuie and spread of the species. It is rather in the great alliivlal 
valleys of tropical or eub-tropico! rivera, like the Qangea, the Irrawaddy, 
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and the Nile, where we may expect ti 
abode. It ia there where the ni 
m the greatest variety and profusi 
eflbrt — there where climata eiact 
viciesitudes of the weather — imd there where the lov 
approach man nearest now exist, and where fossil remains turn np In 
greatest variety and abundance. The earlieit date to which man has as 
yet been traced back in Europe, is probably but as yesterday in compa- 
rison with the epoch at which he made his apjiearance in more favcund 
regions." — Ob iUe /untied occutmux of Auman toKM in tht anient fiit- 
oiaiifc depoiiti 0/ the JVii* and GunffM— Quarleriy Journal of Otology, 
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bility — we may almoat Bay were undoubtedly — enjoying a 
biglier civilisatiou in tlie sub-tropical and higher tropical 
regiona of AMca and Asia. "Were these Asiatic ncee of 
the same variety of our species as the Abbeville flint- 
formers, or did they, though enjoying a higher d^ree of 
civilisation, belong to some older but inferior variety) 
Much, indeed, in the matter of man's antiqaily will de- 
pend upon how this question is answered by Bubeequent 
discoveiy. If they belong to the same race, and thera be 
no indication of tuiy inferior species of our kind, in ac- 
cordance with the great law of animal development, then, 
geologically speaking, man is of comparatively recent ori- 
gin, and the question is narrowed to one or other of his 
existing varieties. Our own opinion is that, granting a law 
of development, the hi^er animals pass through fewer in- 
termediate stages than the lower, and that, in man's case, 
species more closely related to the Quadntmana are scarcely 
to he expected. Ent while this may be true, it is equally 
certain that if there be any truth in geological development 
at all, the higher varieties must be more recent than tto 
lower; and thus the white vaiiety of man mote teomt 
than either the Bed Indian, the Xogro, the Malay, or iJie 
Mongol. And it is equally certain, according to any law 
of development, tliat the older and lower varieties muflt 
iiret pass away— a fact in wonderful accordance with Um 
gradual disappearance of the coloured varieties before the 
spread of tho white variety of our kind. Here, then, we 
have a twofold argument that may avail ua in our re- 
searches — viz., tho earlier appearance, and, conversely, the 
earlier disappearance, of the lower varieties of a species; 
and applying this to man, the coloured varieties, which an 
evidently inferior (whatever may be said to the contrary), 
muflt have long preceded the white, just as now they are 
passing away hefore it. 
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may be in Europe — to a still higlier antiquity in tlie other 
continents of the Old WorlU, and which must be geo- 
logically investigated before any definite conclasioti eau 
be arrived at either as regards time or developmental 
descent.* The European men of the Bovine and Rein- 
deer periods evidently belonged to the white or Caucasian 
variety, but we have no certain evidence whether the 
Abbeville flint-faahionera were of Caucasian, Mongolian, or 
other variety. To whatever variety they belonged, they 
were clearly of a date immediately post-glacial; though, 
could it be shown hy craniology that they were of other type 
than the Caucasian, it would in our opinion be further proof 
of their high antiquity. If we are to pursue the subject 
of man's antiquity in Africa or Asia, this question of type 
must constitute one of the main elements of determination, 
for it would be outraging every principle in science to ap- 
ply the test of variation and development to the other 
orders of hfe, and shrinlc from applying it in the soHtary 
instance of man. Where we can prove by archteological 
means a high antiquity for man, let us adopt them ; where 
W9 can show the same result by geological methods, let us 
not neglect them ; but at the same time let us also value 
those palseontological dofltrines of progression and develop- 
ment which have thrown so much light on the order and 
connection of vitality in general. If there be such a law of 
progression, man must he as amenable to it as the rest of 
creation, and whatever variation occurs in his race must be 
taken, along with other elements, as a measure of time and 
duration. We are aware that many geologists shrink from 



• Since tie above was written, vt obaerve that implements of qnartiito 
have beoD discovered In the lateritic formation of Madias hy Mesan Foots 
and King of the Indian GeologicMil Survey, tliua opening tlie nay to thia 
Ben and much dealderatad line of evidence. 



S90 xjlUS place in the geological bkcobs, ^^^H 

this test of variation, and feel an uneasy tendemem <BH 
ever the question of man's descent becomea involved in 
their researches and speculations, Tmth, however, will 
never be attained by such weakness. In science, as in 
morals, error becomes only more deeply rooted, and bigotry 
more emboldened, the longer that honest conviction hesi- 
tates, or gives to its beliefs a timid and uncertain utter- 
ance. 

Observe that, however man may have originated, it does 
not alter hia position in the scale of being. It is no degra- 
dation to have been descended irom some antecedent form of 
life, any more than it is an exaltation to have been formed 
directly from the dust of the earth. In the present state 
of our knowledge it is even more difficult to concoive of an 
origin from inorganic matter than of a development from 
some pre-existing form. No one can compare with atten- 
tion the vertebrate skeleton (of the mamutals, for example) 
without perceiving that it is adapUce modijkation that 
runs throughout the whole of the aacensive orders, nithra 
than iTidependeiit creation of newer and higher forms, fo 
his physical relations man is as much dependent npoa 
external conditions as the lowest creature with which he is 
associated in the scheme of vitality. This scheme of vitality 
is one united whole, from which you cannot possibly dis- 
sociate any of its component parts j and whatever bo the 
plan that has regulated the development of this scheme in 
time, it must embrace man as certainly as it embraces all 
or any of its other members. His high position depends 
not so much upon the physical life which he shares in 
conmion with other beings as upon Ms improvable intel- 
lect ; and this, in any theory of his origin, can only be re- 
solved into a newer and higher creational endowment — the 
latest manifestation in that Divine plan of cosmioal pro- 
gress which science is ever humbly and reverently endss- 
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Touring to roTeaL We accept the fact of this new endow- 
ment ; shall we reject the continuity of progress through 
■which it has been evolved I 

Such are some of the reasonings that suggest themselvea 
in reviewing tho question of " Man's Place in the Geologi- 
cal Record." In the first plnce, let it he treated without 
hias or predilection, as a matter of natural history and 
geology. In the second place, let us avail ourselves of 
all the evidence that history, archfeology, geology, and 
paheontology can supply. And in the third place, let us, 
as tnie geologistSj he wary in assigning dates in years and 
centuries, while the whole superstructure of oiu- science is 
founded on a relative and not upon an absolute chronology. 
Guided by these methods, it would appear that man has 
been an inhabitant of Southern and Western Europe from 
a time immediately succeeding the close of the glacial 
epoch, and that in these regions his antiquity dates, if not 
from the very earliest, at least from the earlier of the post- 
tertiary formations. How long ago this may have been in 
years and centuries, there is no condescension on the part 
of legitimate geology; hut clearly it is far, very far, beyond 
the limits of the oi'dinarily received chronology of the 
human race. But ancient as this may be, the implement- 
beating gravels, the cave-eartha, the peat-mosses, shell- 
mounds, and lake-dwellinga of Europe cannot be taken as a 
measure of antiquity for Asia, from which, as everything 
tends to show, the first races of Europe were derived by the 
ordinary means of natural dispersion and selectiom And 
even were the first appearance of the whit* or Caucasian 
race geologically determined in Asia, the first appearance of 
the coloured varieties (Mongol, Negro, Malay, &c.), each in 
its own proper headi^uarters, would still remain a problem 
of antecedent date, requiring similar methods of research, 
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and similar processes of solation. In this way, and on the 
fair presumption of the coloured and inferior being the 
older varieties, the antiquity of man as a species mounts 
still higher and higher, and the course .of discovery may 
yet compel us — ^nay, will ahnost to a certainty compel us — 
to assign to him an origin coeval with the very dawn of 
what we are in the habit of regarding as the Quat^- 
nary epoch, if not, indeed, with the close of the Tertiary 
period, and just when the more gigantic fauna of that 
era were passing away from the warmer zones of Asia, 
Africa, and America. 
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TUB PHT3ICAL, VITAL, AND IKTELLECTUAL— ira ENCUEAJiCB, 



HowEVEK interesting it may he to trace tlie material changes 
to wliich the crust of the earth, has been Bubjected, this in- 
terest falls infinitely abort of that excited by the stady of 
the life-forms by which its surface has been successively 
peopled. In the one case we know something of the forces 
by which the changes are produced, and the modes in 
■which these forces operate ; in the other we perceive only 
the estemal conditions under which plants and animals 
exist, but we know nothing of the origin of Life, and as yet 
very little of the causes concerned in the numerous varia- 
tions and aspects it has assumed. In the one case we can, 
to a certain extent, mould and modify the operating forces ; 
in the other, vital action is altogether beyond our produc- 
tion, and we can modify its variations only in the slightest 
and most temporary degrea In the one case we have 
masses that are operated upon from without; in the other, 
forms that are actuated by impulses from within, and, in 
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the higher animals at least, by the subtler promptings o£ 
the intellect and reason. In the one case we deal witli 
fonna and forces that are extraneous ; in the other, with 
those to which we ourselves belong, and hence the higher 
the interest excited, and the deeper the mysteries involved. 
What is life 1 "WTience its origin 1 And how has it mani- 
fested itself during the long ages throughout wliich geology 
has traced ita presence in the rock-formations of the glole) 
These are questions of the highest interest to science, and 
how feeble soever the indication towards a solution which 
human knowledge can offer, every tracing is of value so 
long as it is founded upon fact, and sketched by an honest 
hand. Such is the a-itri of the present Sketch — a deduction 
from the statements in the preceding chapters, a digest of 
the discoveries of palaeontology, an indication, if not of the 
nature and relations of life, at least of its order and succes- 
sion as warranted by the truths of Geology. 

Concerning the origin of life, Geology ventures no mgiaf 
ion. It may have started into being at the immediate 
flat of the Creator, or it may have arisen through aeconduy 
causation, acting in obedience to Creative Law. It may 
have sprung from a single primordial germ, or it may have 
eptead from several priraordial sources. In its essence it 
may be a thing per se, or it may be merely a manifestation 
arising from the interactions of the subtler physical forces. 
On such points Geology offers no opinion. It deals with 
life as it finds it, and dates its commencement with the 
earliest traces yet discovered in the stratified formatioas. 
At one time this limit was found in the lower SiluriaM, 
more lately in the Cambrians, and now, as we have seen in 
Sketch No. 5, discovery has carried it back to the Latt- 
rentian system — a suite of strata of much higher antiquity. 
"Whether these Laurentian rocks are the oldest or earliest 
in which ttaoes of life can he detected. Geology does' cot 
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aTer ; but as the forma of vitality become fewer and lower 
in kind with each successive remove in time, and as the 
Laurentian forma are both very lowly in organisation and 
scanty in number, inquirers are conslrfdiied to believe that 
they are nearly approaching, if indeed they have not already 
reached, the first beginnings of life on our planet. Be this 
as it may, the earUeat known forms of vitality occur in the 
laurentian system, and it seems something more than a 
mere coincidence, that these forms should belong at the 
same time to the very lowest orders that are known, to 
Zoology. Such is all we know of the commencement of 
life on our globe ; such is tho ultimate limit to which geo- 
logical science has yet hecn enabled to push her investiga- 
tions, But while this is incontrovertible aa matter of fact, 
we may believe — and all analogy seems to favour the be- 
lief — that life was contemporaneous with the laying down 
of the first-formed sediments. The external coaditiona 
{light, heat, cold, rains, rivers, and seas) that favour the 
one set of operations are usually those that accompany the 
other ; and thus, wherever sedimentary atrata occur, there 
also may we espect to find traces of vegetable or animal 
organisation. If the Laurentian he the earliest formed 
etratst, we have already reached the goal; should others 
have existed before them, we can merely regard them 
as the provisional commencement of that long line of 
vital development which Geology is still labouring to 
leveaL 

But though ignorant of the origin and commencement of 
life, we know something of its nature and functions. We 
perceive that minerals increase by the accretion or external 
addition of similar matter, but vegetables and ardmala grow 
by the internal assimilation of substances which they 
absorb and convert each into its own proper tissues. Once 
formed, and the course of the mineral is completed; once 



t ASD eUCCESSIOK OF UFS. 

mature<l, and the plant or animal gives Inith to umiki 
plants and animals, and the course of reproduction may 

endure for ages. ^Tiorever heat, light, and moisture arc 
present, there life occurs, fitted partly for the air, partly foi 
the land, partly for the waters, and partly also for a pare- 
sitic existence, on and within the tissues of other plants 
and animals. Unless under the extremes of heat and cold, 
life is everywhere present, restricted, no douht, to a thin 
film of the globe njeasuring vertically, hut spreading hori- 
xoniaUij over every belt of latitude, and enjoying, each 
Older according to its grade of organisation, the realisatiom 
of growth and reproduction. We can imagine a material 
world devoid of all manifestations of life, and such oni 
planet may have been during ages of which we have no geo- 
logical indication ; but, constitutfld as it now is, its harmo- 
nies would he incomplete without the presence both of 
vegetable and animal existences, ^ot only is the piesence 
of the one necessary to the life of the other, but both mb 
indispensable to the consumption and reproduction of those 
substances by which the structure and individuality of out 
globe is maintained. The crust of our earth is a thing of 
vegetable and animal as well as of mineral growth, and m 
may be assured, that from the beginning it was contem- 
plated that each should perform its part in the harmonious 
miuntenance of the whole, The mineral building up it> 
chemically composite structure, the plant disintegrBting and 
living upon these elements, the herbivorous animal feeding 
upon the plant, the carnivorous nnimal upon the herhivoi- 
ous, the animal breathing the oxygen of the atmosphere and 
exhahng carbonic acid, and the vegetable imbibing carbonic 
acid and dischai^ng in torn the oxygen, are but bo manf 
stages in a cosmical succession as harmonious in its adj™^ 
ments as it seems interminable in its duration. Mmraali . 
vegetable, and animal, are evident co- adaptations of tJM 
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eamo great plan, "We may never know liow they originate, 
or why they exist, hut we perceive the modes in which they 
operate, and can determine the results of their harmonious 
and incessant ititer-aetions. 

At the present day we know that the great regulators of 
plants and animals are heat, hght, and moisture. Some are 
adapted to the warmer regions of the glolw, some to tte 
temperate, and others, again, to the colder latitudes. Some 
are fitted for life on the dry land, some for life in the 
■waters ; while others, again, are fitted for both, or even to 
wing their way through the atmosphere. Some affect the 
marsh, while others cling to the thirsty upland; some re- 
joice in the shallow waters of the shore, while others find 
their fitting hahitat only in the deeper ocean. Some are 
restricted to specific centres of limited extent, and present 
little variation in character, while others enjoy a wider 
range, and break into numerous and often widely divergent 
varieties. Such are the obvious conditions and distributions 
of life now, and such we may be certain were the nature of 
its conditions and dispersion sduriug all previous periods. 
Again, some plants are rooted independently in the soil, 
while others find their subsistence on other plants, or even 
in animals. A vast number of animals live on vegetables, 
while others prey on the vegetable-feeders, and are fitted 
alone for this mode of existence. The tooth to tear is as 
s the tooth to grind, the foot to seise as the foot 
1, the hand to climb as the hand to hold, and the limb 
a the limb to walk or the limb to swim Such are 
mgements by which the balance and harmonies of 
now sustained, and such we may presume were the 
methods by which its harmonies were secured in former 
ages. Plant-feeder and flesh-feeder, hfe and death, repro- 
duction and decay, are necessary concomitants in the great 
biological scheme of creation. AYe perceive them operating 
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in full force now ; palaeontology declares they n 
vcTsally enei^etic in bygone epochs. 

Besides these obviooe amtngements and intei-relalioiiB 
of life, there is alao grade or degree of organisation — eome 
ordere being more simple in Etructure and fitted for lowei 
functions, othera being more complex and fitted for the 
higher officea of vitality. The lichen incrusting the rock or 
the aea-wced clustering the shelving reefs of the sea-shon, 
and devoid of stem and leaf, is a lowlier organism than 
tlie clubraoaa or tree-fern ; and these again are lesa highly 
organised than the true timber-tree, with its complex dft- 
velopment of trunk, branches, leaves, flowers, and frniiB. 
The sponge, rooted plaut-like to the rock, is clearly a lowai 
phase of animal life than the coral or star-fish ; and thesa 
again are less highly organised than the crabs and shell-fiahcs. 
AniniaU like the star-fishes, crabs, and shell-fish, devoid of 
backbone and bony skeleton (the Ineeriebrata), are obvi- 
ously lower in the scale of being than the fishes, reptiles, 
birds, and mammalia (the Vertehraia) ; and even among 
these vertebrates the cold-hlooded water-breather is inferior 
to the warm-blooded air-hreather — the fish on a lower stage 
than the reptile, the reptile than the bird, and the bird 
thou the mammaL Still more, the marsupial or pouched 
mammal, bringing forth immature young and carrying them 
about for months, ie less highly organised than the placen- 
tal or true mamnial, which gives birth to fully developed 
young; and among the true mammals themselves there are 
manifestly various grades of organisation — the whales are 
lower than the rumimmts, the ruminants than the camivora, 
the camivora Uian the monkeys, and the monkeys than man. 
And whatever may have been the abundance or develop- 
ment of life during the geologic epochs, we may pre- 
sume that such grades and distinctions have ever per- 
vaded the whole vital scheme — high and low, low and 
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lower, "being indiapensable concomitantB, then as now, ac- 
cording to ttie field, to be occupied and the function to be 
performed. 

But while there are, have been, and will continue to be such 
distinctions and inter-relation* of life, geology has unfolded 
a new phase, unknown to, and unthought of by, our ances- 
tors. To the earlier botanists and zoologists the existing 
aspect of life seemed complete, and only such diversities 
were acknowledged as those produced by station and habi- 
tat in the various latitudes of the world. Kow, however, 
geology has revealed by proofs innumerable and unmiatak- 
abla that myriads of forma have ceased to exist, that as we 
go backward in time these forms become more simple or 
less highly organised, and that a period is at last reached 
when our planet was peopled only by the very lowest foima 
of vegetable and animal existence. The establishment of 
this ascent in time from lower to higher forms is one of the 
noblest triumphs of geology — a revelation that has invested 
the scheme of life with new significance, and imparted to 
its study a higher and more enduring interest. How broad 
the Scheme of Life when living and extinct are conjoined ; 
how marvellous the inter-relations that subsist between its 
innumerable and varied parts; and yet how ceaselessly the 
whole has ever been passing onward into newer and higher 
manifestations ! What has been the order of this ascent ) 
Has it been regular and progressive ! Is the higher form 
linked on to the lower by characters that arc invariable and 
discoverable ! and if so, what aeema to be the law that has 
regulated this progression and development) Suuh are 
some of the questions suggested by the consideration of 
this ascent of life ; and as Geology has revealed the fact, it 
may bo legitimately allowed to attempt an explanation. 

Assuming (and as yet we have no proof to the contrary) 
that only the lowest or protozoan forms of life occur in the 
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Laurentian strata, it is admitted that we have an ascent to 
corals, ajinelids, and Crustacea in ike Combiian, and to a 
still higher and more abundant display of corals, star-fiahea, 
BheU.fishea, annelids, and croetacea in the Silurian, ^ot 
only are the forma more numerous and varied, but at each 
BTicceBsive stage newer and higher ordera come into view, 
and we are compelled by evidence obtained from these early 
aysteniB, wherever they have been examined, to believe that 
the march of life has been steadily onward and upward. 
Up to thia stage the living forma are wholly invertebrate 
(that is, if we except a few doubtful instances iu the upper 
Silurians), and the plants chiefly aea-weeds and lycopoda; 
but in the Old Red Sandstone ferns and coniferous fig- 
ments are found, and fishes make their appearance in con- 
siderable abundance. In the CarboniferouB system, sea- 
weeds, lycopods, ferns, eq^uisetums, reeda, coniferous treea, 
and numerous intermediate forms testify to a continuous 
and gradual ascent in the f ora ; while to a greater exaher- 
ance of all the previous fauna is added the existence of 
aquatic and terrestrial reptUes. In the earlier Secondary 
rocks birds make their appearance, or at all events have not 
been detected in more ancient strata ; and in the upper 
Secondaries, mammalian life of the marsupial orders begins 
to manifest itself in increasing abundance. It is not till 
we arrive at the Tertiary system that the higher mammals 
occur; and not till the Post-tertiary or Recent period that 
we have any reliable evidence of the presence of Man, or of 
his industrial operations. This progressive ascent in tha 
animal scale is accompanied by a similar advance in ths 
vegetable — the palms and conifene of the Secondary ages 
being succeeded by the exogenous or true timbeivtrees of 
the Tertiary, and these again by the timber-trees, fruits, and 
cerealfl of the Current epoch. There may be imperfections 
in the geological record — districts unexamined, and fosail 
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fonns yet iiEdetected ; tut tho fact of thJa wonderful coin- j 
cidence of ascent in Huch largo areas as Europe, North ' 
' America, and parts of South America, Asia, and Australia, i 
surely entitles the belief in a progreesional development of 
life from lower to higher forma — from thallogen to aorogen, 
feom acrogen to endogen,'and from endogen to exogen;* 
from invertebrate to vertebrate, from cold-blooded water- 
breathera to warm-blooded air-breathers, and from simply i 
sentient existences to the higher activities of intellect and 
reason. However complicated in detail, there can be no 
gainsaying of this broad outHne of ascent ; geologists may ' 
differ in their interpretations of the means by which tha 
phenomena have been produced, but they cannot refuse as- 
sent to the order in which they occur. Nor is it a mere 
ascent in general terms from lower to higher classes, but 
the orders, the genera, and the species partake of the same 
progreesional development — this progression bearing a strik- 
ing analogy to the order that prevails among the existing 
grades of life, and in most instances also to the successive 
stages of individual development. The forms, vegetable 
and animal, of the Primary periods are on the whole lower, 
more embryonic in aspect, and less specialised than the 
forms of the Secondary, and these again less than those of 
the Tertiary and Current epocbs.t The ascent runs through 
every ordinal group and section — branching onwards and 
upwards ; and is, we may rest assured, however little we 
may perceive it, as operative now as during any of the hy- 



" See ScTismsa of Vegetable and Animal OlaasUicBtion in Sltetoli No. 7. 

+ " A progress from more generalised to more apecialised atructnrea " 
(■wo quot« ProtesBor Owen, the most cautioua, perhaps, of modem aia- 
bmlats), " analogous to tbat Biempliiied in the eststing grades of animal 
lite and in ancceasivo phftsea of individnal development, is appreciable 
in the series of species wliiuh have succeeded one anothoc upon our 
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As ia well known to every reader of modem t 
various hj-pothesea have been advanced to account for IBw 
progressive development of life as revealed by geology. Pro- 
ceeding upon the assumption that the Scheme of Vitality 
is one united whole, these hypotheses endeavour to show 
that all the forms of plants and animals that have appeared 
or will yet appear are hat modifications by secondary means 
of forms that had previously existed. Admitting that the 
origin of life is beyond the grasp of science, they neverthe- 
less seek to explain how the lowly forma of the Primary 
periods were developed into the higher orders of the Sec- 
ondary ages, and these again into the still higher orders of 
the Tertiary and Current epochs. Perceiving that plants 
and animals do undergo modifications and variations accord- 
ing to climate, food, and geographical position, some would 
aacribe the whole development and ascent which Geology 
has revealed to the mere force of external conditions, oper- 
ating through untold ages. Others, regarding this view as 
inadequate, would seek to combine with the force of exter- 
nal conditions the use and disuse of organs, by which any 
organ habitually disused may become feeble, or altogether 
disappear, while another organ by more varied use may be 
increased or even transformed into an organ of altogether 
different form and fitted for an altogether different purpose. 
By these means, the plant originally formed for the waters 
may become fitted for the marsh, and the plant of the marsh 
adapted for growth and leproduction on dry land. And by 
the same process the limb originally destined to swim may 
be transformed into one fitted for walking, and the limb 
forwalking on land converted into one adapted for flight in 
the atmosphere. Such changes as these, they contend, must 
take place by almost imperceptible stages, and nmet require 
long ages for their elaboration — the newer qualities being 
transmitted from generation to generation, and a 
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during the embryonic state of each, successive generation.* 
Others, again, comhino with these views the doctrine of 
nataral selection, hy which, during the incessant changes 
of geographical conditions, those varieties of plants and 
animals best fitted for the new conditions will survive and 
multiply, while those less adapted will gradually die out 
and disappear. By such a process, these theorists contend, 
BTJch variations may go on till they amount to specific dis- 
tinctions, and species themselves be converted into other 
and higher genera. Perceiving that the ascent of life in 
time — that is, the ascent of life aa shown hy Geology — co- 
incides in a wonderful manner with the ascent from lower 
to higher in living plants and animals, these hypothesists 
admit the existence of a great creational plan, but seek to 
explain its development through the operation of secondary 
causes. Seeing that the phyatcol phenomena of nature are 
brought about by the operation of secondary causes, and 
seeing that life is inseparably bound up with and de- 
pendent on physical conditions, they seek to apply to the 
one the same methods of research and reasoning which 

• A little reflection will enaTjle the non-acientiflp reader to perceive the 
force of these Brguiaents. The eyes of sdimats iBhablting dark cavema 
gradnally degeaerate, and in concse of genetationa liecome merely nidi- 
mentary. The feet of rominsnts tiabitustly frequenting arid plains gia- 
dnally lose the digits that add to the resistance of the hoof on soft and 
swampy ground. Wingless birds, like the apteryi and ostrich, while 
they have lost the power of flight, apparently through disuse, acquire by 
degrees greater siis and strength of limbs. Certain structures which are 
traniitory and rudimental in eiisting speoiea, are peraiatent and developed 
in extinct. Thus, the heterocercal or unequally-lebcd tail, uniyerast in 
palffioEoic flslies, is still found in the ombryo state of existing fishes, which 
have chiefly homocereal or equally-lobed tails. The tapering caudal ver- 
tebnE which appear in the embryo or chick of modem birds, was persis- 
tent and charactaristic in mosoioic species like the Ardtreopleryi. These 
and many similar facta well known to anatomists give foundation and re- 
liability to these theories, and evidently point the way to the Law which, 
has Kgulated and still continues to regulate the development of oigania 
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tliey apply to tlia otLer, and, philoBophically speaking, there 
ia no other mode of approaching the question. We must 
deal with life as we find it, and howeTSr much science may 
fail in its demonstration, it is hound at least to make the 
attempt. In the present state of human knowledge, rea- 
son may he unahle to grasp all the snhtlo and multifarious 
conditions that regulate the development of vitality on onr 
glohe; under a deeper and hroader insight into nature's 
operations, the truth may hegin to dawn upon us, and all 
the sooner and clearer the sooner and more earnestly we 
commence the investigation. ' 

Admitting the philosophy of the methods, we may stOl 
be permitted to inquire how far any or all of these hjpcF 
theses are adequate to the solution of the problem I In the 
first place, it is obvious that external conditions operate 
powerfully in the distribution of plants and animals, and 
it is also admitted that they modify, in the long-mn, the 
species subjected to their operation; but it aeenia incrediUe 
that they could transform one species into another spedca, 
or one order into another order, without the aid of other 
and more intimate physiological causes. Even combining 
the force of external conditions with the use and disuse of 
organs, and ivith the impulse of hereditary tendencies ill 
the embryonic or foetal stage of each successive generation, 
the combination seems inadequate without some other factor 
to keep the euccessive development in conformity with the 
known plan of vitality. Should we add the operation of 
natural selection, which is admittedly a powerful and ever- 
active agent in the modiliaation of species, still the questions 
remain — how plants and animals should e.\ist in their 
present ordinal arrangements, and how their appearance 
in time should coincide, in the main, with these ordinal 
arrangements t There are clearly some other factors over 
and above all those which have yet been brought for- 
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ward, to account for the plaa of vital development ; some 
physiological latv for the geneiul ordor of Life analogous to 
that which governs the growth and development of the in- 
dividuaL The better, then, that we understand the physi- 
ology of individual growth and varietal divergeuce — the 
fuller ourluiowledge of the palieontological order and ascent 
of vitahty, — the sooner will we be enabled to arrive at some 
indication of this Law of progreasional development. If 
the teachings of geology are not a delueion, the fact of vital 
progression on this globe is as certain as the succession of 
its stratified formations. Science has already done much to 
arrange and elucidate the one ; may we not hope that under 
the light of increasing knowledge and more philosophical 
methods, human reason shall by-and-by attain to a satisfac- 
tory explanation of the other t It is admitted that in course 
of time, and under new conditions, plants and animals do 
break into new varieties. Variation is thus merely a mat- 
ter of time and continuance of condition. And if this be 
admitted, wo have only to discover in the respective species 
those physiological peculixu"itjeH which give direction and 
character to the now variations. Mysterious as the ordainings 
of life may seem, the problem ia manifestly bound up with 
khe operating forces of the universe, and as such is hope- 
fully within the reach of science, as it is certainly within 
Kfi Intimate domain. All that we know of the growth, 
reproduction, and decay of vitality aro the results of physical 
causation, which can be investigated and detoiniined; shall 
"we cease to believe that its development in time ia similarly 
pndaced and as capable of demonstration 1 

The outcry that has been raised in certain quarters 
against tiiese hypotheses of ^*ital development, is uttedy 
senseless and unworthy. Investigators perceive that cer- 
tain plana pervade the vegetable and animal kingdoms, 
and that the whole is inseparably associated in one vital 



to 
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scheme. They perceive that life is governed in its distri- 
bution and existence by the operating forces of the imi- 
verse ; they learn from Geology that it has taken a certam 
order of ascent in time, fix)m lower to higher forms ; and 
as students of nature, they endeavour to account for its 
progression by appealing to the forces by which it is mani- 
festly affected. Philosophically there is no other course 
left to them. They must deal with life as they deal with 
the other phenomena of the universe ; and human reason 
is never more religiously occupied than when earnestly 
striving to comprehend and account for the designs and 
methods of the Creator. K there has been any irreverence 
in dealing with this problem, that irreverence must rest 
with those who would circumscribe the range of reason, 
and seek, by unworthy clamour, to deter the human intel- 
lect from rising to some conception, however faint, of the 
laws by which the Creator has chosen to develop tlie 
phenomena of His marvellous universe. The authors of 
these hypotheses may be right, or they may be wrong, in 
their views; they may ascribe too much or too little to 
certain agencies : but so long as they honestly endeavour 
to arrive at the truth, their opinions ought to be gratefully 
received and treated with candour. As students of science, 
they abide by scientific methods ; and unless Life is to be 
altogether removed from the category of Natural Science, 
they have no alternative but to treat it in all its bearings- 
its rise, progress, and inter-relations — as they would deal 
with any other problem that comes within the scope of 
their investigations. Higher than mere material pheno- 
mena, more subtle in its relations than any physical 
agency, more marvellous in its growth and reproduction 
than any other department of nature, its comprehension, no 
doubt, taxes the severest efforts of the human understand- 
ing ; but still, as portion of. the universe, it partakes of all 
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ita progress, and must te amenahle to all its laws. In this 
■view, Life is simply one of the great features of the imi- 
verse, carried along with it through all ita mutations, and 
governed by the same great law of creational progreaaioa. 

And this great law of creational progression ia alite 
operative in the material, vital, intellectual, and moral 
phenomena of the universe. Nothing stands atilL That 
■whicli Las Isecn will never occur again ; that which appears 
now will assume a different aspect in the future. All the 
former distributions of sea and land, with their varioua 
snrfacea, climates, and productions, have disappeared j and 
the existing distribution is as incessantly pasalng into 
newer forms and aspects. All the phases of life wMch 
Geology has revealed differ with each successive formation ; 
higher succeeds lower at each advancing stage; and the 
present, wo may rest assured, will be followed by a ainiilar 
progressional advancement. Man, too, in all his inter- 
relations, is subject to the same all-pervading law. Physi- 
cally, the lower variety has preceded the higher, and the 
highest variety of the present day stands on a lower plat- 
form than that which is destined to succeed it. Eace after 
race has risen from barbarism to higher and higher stages 
of intQllectnalism and civilisation ; and in the moral world 
clearer and purer views gain, age by age, a wider recogni- 
tion and more general fulfilment. Nothing stands still j 
truth alone is eternal ; and as the whole world, physical, 
vital, intellectual, and moral, must partake of this progress, 
truth itself will illuminate a broader field, and lead to 
nobler and more godlike activities.* 

' "In the Inpse of age.i, hypothetkally invoked for the mutaUon of 
specific difitinctions," saya Profeaaoc Owen, " I would remnrk that Man 
ia not likely to preserve Ma loDgcr than eontemporar; species tbeira. 
Bwing the greater variety of infliieai^es to nhich he is aobjact, the 
present characteis of the human kind are likely to be aoimer changed 
than those of lower existing species. And with Buoh change of apecifio 



308 ORDER AND SUCCESSION OF LIFE. 

Sucli seems to have been and to be the destined order 
and succession of vitality. As in existing plants and ani- 
mals we perceive a vast variety of grades £x)m lower to 
higher forms, so throughout the development of life in 
time there has been a coincident ascent £x)m the lower 
to the higher orders. During the primary periods the 
lands and waters were peopled only by the lowest forms; 
but as time rolled on, higher and higher orders gradually 
made their appearance, each successive rock-system bearing 
testimony to the introduction of newer and more highly 
organised existences. Imperfect as the geological record 
admittedly is, and limited as may be the portions of the 
earth's crust yet examined, there is such a coincidence in 
the fossil life of all the surveyed tracts, that we may 
regard the order of ascent as an established £Eu^t, subject 
only to minor modifications in the details. The differences 
that have arisen among geologists relate not to the fects of 
the ascent, but to the mode or modes in which the de- 
velopment has been brought about. As we know more of 
extinct life and more of the physiology of existing life, 
these differences will in a great measure disappear, and 
conflicting hypotheses give way to a uniform and satisfee- 
tory theory. In the mean time every earnest endeavour 
is entitled to our regard, and however startling its views, 
or how little soever it may seem to clear the way to sounder 
conclusions, it ought to be gratefully received as a contribu- 
tion towards the solution of the highest and most interest- 
ing problems, perhaps, that the progress of discovery has 
submitted to the consideration of modem philosophy. 

character, especially if it should be in the ascensive direction, there 
might be associated powers of penetrating the problems of zoology, so 
far transcending those of our present condition as to be equivalent to » 
different and higher phase of intellectual action, resulting in what migbt 
be termed another species of zoological science." — Preface to CompanUiH 
Anatomy and Phydology of Vertebrates, 
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" Man," says Dr Hutton in hia celebrated ' Theoiy,' " first 
sees tilings upon the auifoce of the earth no otherwise than 
the hrute, who is made to act according to the mero im- 
pulae o£ his sense and reason, without inquiring into what 
had been the former state of things, or what will be the 
future. But man does not continue in that state of ignor- 
ance or iijsensibilitj to truth ; and .there are few of those 
who have the opportunity of enlightenii^ their minds with 
intellectual knowledge, that do not wiah at some time or 
another to be informed of what concerns the whole, and to 
look into the transactions of time post, as well as to fonn 
some judgment with regard to future events. It is only 
from the examination of the present state of things that 
judgments may be formed, in juat reasoning, concerning 
what had been transacted in a former period of time ; and 
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it is only by seeing what had been the regular coarse of 
things that any knowledge can be formed of what is after- 
wards to happen ; but, having observed with accuracy the 
matter of fact, and having thns reasoned as we ought, with- 
out supposition or misinformation, the result will be no 
more precarious than any other subject of human under- 
standing." No more precarious than any other subject, 
and a great deal more certain, indeed, than most of the 
topics with which the human understanding is apt to busy 
itself ! Here is a world. Physical Geography informs us, 
having certain ordainings at present ; here is a world, Geo- 
logy informs us, which has had a strange and varied history 
in the past ; and combining our knowledge of past and 
present, with faith in the uniformity of nature's operations, 
we are surely entitled to speculate with some degree of cer- 
tainty as to the fate that awaits it in the future. Such spec- 
ulation forms the subject of the present Sketch, and guided 
by the spirit of the Huttonian philosophy as above ex- 
pressed, we do not despair of arriving at something like an 
intelligible indication. This indication may not exactly 
carry us forward to positive appearances, but it will show 
us, at least, what cannot continue, and thus the better pre- 
pare us for the perception and admission of the changes 
that must follow. JS^o doubt, the changes iu the natural 
world are so multiform and complex, and their producing 
causes act and react so unequally upon each other, that 
man, limited in his faculties and imperfect in his know- 
ledge, can never hope to forecast either their exact order 
or amount; still, by adhering to right methods, he can 
sketch an outline of the future, just as he has been enabled 
to trace the vestiges of the past, and this outline, shadowy 
as it may be, is something at least for Geology to boast of 
It is true that it will add no new fact to our knowledge, 
for facts are things that have been accomplished; but its 
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tracing gratifies the intellect, and the lielief in its cer- 
tainty exalts our conceptions of the course and coEtmuity 
of creation. 



And, fint, we may safely assert that the present distribu- 
tion of sea and land, with all its diversity of continent and 
island, will not be the prevailing arrangement in future 
agea ; and that the more remote the period, the greater in 
all likelihood the difference. All that Geology teaches of 
the past, shows that sea and land have repeatedly changed 
places; all that Physical Geography teUs of the present, 
declares that similar changes are incessantly in progress. 
Every wind that blows, every frost that freezes, every shower 
that falls, river that nuis, and wave that strikes, is wast- 
ing and wearing down the fiamework of the existing con- 
tinents ; and the eroded material, borne down to lakes and 
estuaries and seas, is graduaUy displacing so much of the 
water and creating newer lands. This waste is so apparent 
on every cliff, and oa every ravine and river-glen, that its 
truth requires no further enforcement ; and the same holda 
good of every shore against which the waves dash, or the 
tidal currents acour. But whUe loss goes forward in one 
region, gain takes plaCe in another ; and thus most of our 
river plains are but the sites of silted-up lakes, just as ail 
our deltas, occupying millions of square miles, are recent 
and still progressing acquirements from the sea. Hor is it 
atone to forces fcom without that the surface of our earth is 
Bubjected. The forces from within — the volcano, earth- 
quake, and crust-motions, described in Sketch No. 3 — aie 
equally active and incessant; here piling up new hilla, 
there throwing up the sea-bed into dry Land, and here, 
again, submerging terrestrial surfaces beneath the waters of 
the ocean. If, then, such changes are unmistakably taking 
place at the present day, and if by a parity of reaaoning 
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we can show that kindred changes took place in times past, 
we are surely entitled to rely on the uniformity of nature's 
operation, and to believe that similar changes will continue 
to be effected. The conclusion is irresistible, and thus 
must be admitted the truth of our first proposition, that the 
future distributions of sea and land must differ from the 
present, and that as time rolls on the divergence will be- 
come greater and greater, till all the existing continents 
disappear, and new ones arise, with other contours, other 
surfaces, and other climates, but all fluctuating and progres- 
sive as those that went before. The whole history of the 
past, as interpreted by Greology, has been one incessant 
round of terraqueous change ; the forces of nature are still 
as active and unabated in operation; and the inevitable 
results must be a round of terraqueous changes in the 
future, as incessant in their recurrence and as extensive 
in their range. 

In the second place, it is equally clear that if the lands 
of the current era are gradually disappearing, and newer . 
ones as gradually in course of formation, the latter must 
occupy different positions on the earth's surface, and as a 
consequence, must enjoy different climates and different 
geographical surroundings. They may be more continental 
or more insular, more tropical, more temperate, or more 
arctic ; but however this may be, it is quite evident they 
must differ in these respects from the existing. In ignor- 
ance of the law which regulates the great crust-motions of 
the globe — those slow upheavals and submergences of ex- 
tensive tracts — ^we can scarcely indicate the position of the 
lands that will immediately succeed the existing ; though, 
judging from the directions of most of the great delta-form- 
ing rivers, it would seem that they vnll lie more within the 
warmer zones of the globe. The great rivers of the New 
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"World — the Mississippi, Orinooco, Amazon, and La Plata J 
— are all projecting their vast deltas within these wanner j 
zones ; so also are the larger rivers of Europe and Africa, [ 
for though the Nile has a northerly trend, ite delta is still ] 
within these warmer limits ; and so also are the more 
portant delta-formers of Asia — the Tigris and Euphrates, the 
InduB, Ganges, Irawaddy, Menam, Kong, Yang-tae-Kiang, 
and Hoang-ho, One has only to east his eye over a map 
of the " river-systems," to perceive the truth of this aeaer- 
tion; for though Siberia and Arctic America are also pos- 
sessed of large rivers, their ice-bound character and other 
conditions render their laud-forming powers comparatively 
unimportant. To this southerly projection of the great 
rivers must also he added the fact, that vulconic agency 
is much more active in its accumulations within tropical 
and sub-tropical than within arctic or antarctic zones. . 
Appeal to any volcanic map of the world, and see how ! 
blank and quiescent are the great tracts of North America, 
iforthem Europe, and ^Northern Asia, as compared with | 
the warmer and more southerly zones, and then judge how 
much this may have to do with the fonnation and disposi- 
tion of the future continents. In all the formations of ] 
newer lands vulcaaiicity has played an essential part j can 
■we fail to infer that the vast cincture of volcanic action 
that surrounds the Paciiic, as well as the numerous centres 
that stud its basin, are intimately connected with the ela- 
boration of future land-masses within its area t It is true 
that the gradual elevation noted by voyagers among the 
Arctic Islands, Northern Greenland, Spitzbergen, Scan- 
dinavia, and Siberia, would seem to point to a more con- 
tinuous massing of the land in that direction j but though 
this were to he the case, it would not interfere with the 
Kkelihood of our previous surmise, that the dry lands more 
immediately succeeding the existing will lie within more 
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aootherlj and wanner latitudes. But the mere lying 
within more sontheilj latitudes does not altogether de- 
termine the nature of a climate or the geniality of external 
conditions. Tnsular or continental arrangement of the land- 
masses, altitude aboTe the sea-lerel, the direction of moun- 
tain-ranges and valleys, the amount of rainfall, and the set 
of ocean-currents from colder or warmer regions, all influence 
less or more the climate of a country; and these, as affecting 
the future lands of our globe, we have no means whatever 
even of guessing at. All that we know for certain is, that 
the existing continents are gradually passing into newer 
forms and dispositions, and that these dispositions must 
of necessity be accompanied by other climates and by other 
vegetable and animal appointments. All that we can offer 
as a legitimate geological inference is, that the land-masses 
more immediately succeeding the existing will be more sub- 
tropical and tropical in their position, and, cceteris paribus, 
more congenial in their physical surroundings. 

In the third place, if the present continents and islands 
are to be superseded by others possessed of different ex- 
ternal conditions, it follows that these newer lands must be 
characterised by different distributions of plants and animals. 
At present it is presumed that each plant and animal oc- 
cupies the station and habitat best suited to its growth and 
perfection ; but if these situations be interfered with, no 
matter how slowly, certain races must succumb to the change, 
while others will usurp their places. Were the future con- 
tinents, for example, to be gradually evolved within lower 
latitudes, their flora and fauna would as gradually assume 
a tropical aspect — existing forms, on the other hand, dis- 
appearing stage by stage with the external conditions to 
which they had been originally adapted. The disposition 
of the existing continents is mainly longitudinal, hence they 
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are suljjeoted to extreme diversity of climate, and conse- I 
quent variety of vegetable and animal life ; were tho lauda ' 
of the future to Ire arranged more latitudinally, a greater I 
nniformity of climate would prevail, and with thia uni- j 
formity a corresponding sameneaa in the speciiic distribution | 
of vitality. The osisting land-massKfl liult moat largely in I 
the northern hemisphere ; we can readily perceive how dif- I 
ferent the climatic and vital arrangemeuta of the globe i 
were they mainly disposed in the southern. The trade- I 
winda, tides, and oceauic currents — the great modiflera of I 
chmate — are interrupted in their normal continuity by the I 
longitudinal disposition of the existing continents, and 1 
thrown into minor and complex deviations ; how different I 
the result did the disposition of the land permit them to ' 
revolve in simple and unbroken continuity ! On the whole, 
it may be safely assumed, that the greater the difference be- 
tween future and existing continents in position and climate, I 
the greater will be the difference in their vital appointmentsj I 
and thus the future, from those phyaical canaes alone, would I 
present a totally different life-picture from the present. I 
There might be no new creations nor developments, but | 
there would he extensive re-arrangements and ro-asaortments I 
of the existing — extermination of certain genera and species | 
and increase of others, and along with these a corresponding I 
redistribution of tho varieties of the human family itsel£ I 
We have said " there might he no new creations nor do- 1 
velopmeats," and jet it is diflcnlt to conceive of any esten- I 
sive alterations in the <listribution of sea and land, withont I 
associating with them newer phases of vegetable and animfil I 
existence. In the history of the past, new developments of 1 
life are ao intimately associated with geographical changes, I 
and every newer formation so distinctively characterised by ' 
its own peculiar and higher species, that whatever the law 
by which the euccession of vitality on our globe is gov- 
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erned, external conelitioas are undoubtedly one o 
cipal factors ; and thus, 'with other distributiona of Be& 
and land, we may anticipate not only other diBtribationB, 
bat other and newer phases of their flora &nd fauna. 



But, fourthly, if we are to be guided in our apeculationB 
respecting the future by our knowledge of the past, another 
and more important element comes to be considered, and 
that is, the continuous ascent from lower to higher life- 
forma which is traceable throughout the whole of the geo- 
logical periods. If there has been auch an aacent through- 
out the past by some process of dcTelopment, or whatever 
it may be, the reasonable presumption ia, that the same 
process will continue to manifest itself in the future. It ia- 
by no means asserted that investigators have anything like 
completed the geological record; but all that has been done, 
whether in Europe, Asia, America, or Australia, tends to 
the establishment of an aacent in the main — from the cryp- 
togam to the phanerogam, from the invertebrate to the ver- 
tebrate ; from the endogen to the exogen, from the fish to 
the reptile, from the reptile to the bird, and from the bird 
to the mammal. Even within these great sections tbeie 
has been a correaponding ordinal advance; and although 
new discoveries occasionally compel ns to modify our views 
as to the time when certain orders and genera made their 
linat appearance, still no discovery has ever been made that 
militates in the least against the general doctrine, that the 
more lowly organised have regularly preceded the higher 
and more specialised orders. We say " regularly preceded," 
for though systematists are oocaaionaJly puzzled with appar- 
ent breaks in the continuity, these breaks are either the 
reault of local obliterations, or they arise from limited and 
imperfect observation. Such having been the progressive 
evolution of life during the long and physically-varying 
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cycles of the past, the geologist is surely entitled to pre- J 

Bume tliat a aimilor evolatioa ivill contiikue to iniii& the I 

onward course of creation. | 

It is true, it may be argued, and indeed haa beeu aigued, 
that the syatem of Life has culminated in the present 
epoch, and is, consequently, subject to no fui-ther develop- 
ment; and if it has not so culminated, that new races ought 
now and then to he making their appearance. Such rea- i 
Boning, however, is altogether at variance with the slow I 
and gradual evolution of events as impressively taught by I 
Geology. During the past, well-defined geocra and oi'dera 1 
make theirappcarance only after the lapse of ages; and two ] 
thousand or twenty thousand years of the current epoch I 
may be too short a period for the full development of new J 
and higher races. All that seems necessary for our argu- ] 
meat is, that physiology can prove a tendmey to varialioiiB I 
in existing genera and epecioB ; and if such a tendency can I 
be demonstrated, no matter how slight and slow, the widest , 
subsequent divergence, even to the extent of new families i 
and orders, is only a question of time and continuation, I 
This is aU that Geology contends for; and surely the varia- 
tions in plants and animals which are continually taking | 
place under change of externa! condition, and under the in- I 
fluence of culture and domestication, must be sufficient to ] 
convince every mind capable of ordinary reasoning, that 1 
the Busceptibility to newer developmentB is a quality as ] 
operative now as during any of the former epochs. It is I 
v^ to aigue that no introduction of newer forms has been | 
witnessed during the last three or four thousand years of I 
human history. It is little more than half a century since I 
such questions began to attract the attention of philoeo- I 
phers ; and all that went before — erroneous notions of nat- 
ural history, limited acquaintance with the geography of I 
the world, ignorance of geobgy, and total absence of all J 
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reliable record — renders any arguments founded on this 
ground utterly idle and worthless. If vast physical changes 
have passed unmarked by our ancestors, what marvel need 
there be that the minnter phenomena of vital variations 
should have wholly escaped their attention 1 If the varia- 
tions, descent, and dispersion of the human family be a 
matter of doubt and uncertainty to historians and ethnolo- 
gists, what marvel need there be that the varieties, descent, 
and dispersion of the lower races should have passed un- 
noticed and even unsuspected ? But if the introduction of 
new genera and species cannot be positively proven, we 
know that numerous forms have disappeared from certain 
localities, and that several (the dinomis, sepiorms, dodo, 
solitaire, great auk, rhytina, &c.), within a comparatively 
recent period, have become altogether extinct. As extinc- 
tion and creation ever went side by side in the past, so the 
fair presumption is that extinction is attended by a similar 
creation in the present. The minutest scrutiny can detect 
no decay in the physical accompaniments of life, no decline 
in the powers of vitality itself, and no change whatever 
in any of its discoverable relations to external nature; 
and surely on these, as on all the grounds formerly men- 
tioned, we are entitled to believe in a continuance of vital 
development, as firmly as in a continuance of the physical 
changes which are daily and hourly taking place aroimd 
us. The one may be less perceptible than the other, but 
not on that account the less real ; slower in their rate of 
progress, but not the less certain and continuous. 

Such a progression being granted, the Life of the future 
must differ from that of the present, as that of the pre- 
sent differs from all that went before. Old genera and 
species must pass away, and newer and higher ones take 
their places. As the ratio of development among the dif- 
ferent classes and orders, both of plants and animals, seems 
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to have differed during the past — the lower being more 
BiBtent, or less variable, than the higher— so the sftine ratio I 
will manifest itaeK in the future, the more highly orgai 
passing by more rapid stages into newer and higher forms. 
Within the aarae limit of time the invertebrate may nn- 1 
dergo less modification than the vertebrate, the aqiiatic less T 
than the terrestrial, and the cold-blooded leas than the 1 
warm-blooded ; but all (})y whatever process) must aooner 1 
or later pass into newer and higher forms, and man hii 
as certainly as the plants and animals that form the theme J 
of bis deliborationa. If there exist a great Law of Progres- J 
sion — and all that palceontology has revealed of the past o 
physiology taught of the present points to such an ordain- 
ing — it would he reversing our ordinary ideas of the per- 
manence of nature to suppose such progression had come 
to an end when all its accompaniments and all the media 
through which it manifests itself remain unimpaired and ' 
persistent. And it would he equally at variance with all 4 
philosophical notions of natural history to suppose that a 1 
law which had operated alike on all the orders of life in the I 
past would become partial and exempting in the present. I 
It may startle some minds to hear the same argument ap- J 
phed to man as to the rest of the animate creation. The 1 
reverse, unfortunately, has been too long the fashion. The I 
intereHt3ofsoience,a3 well as the sflcredness of truth, demand, I 
however, that where nature operates alike the student of 1 
nature shall not venture to obtrade with artificial " schemes ] 
of arrangement," and "lines of demarcation." Looking at 1 
it merely as a question of natural history — and this, he it 1 
observed, is the only way in which science can approach it 
— the future of the human race must he subject to the , 
same laws of variation and progression as those which havB i 
governed and still continue to govern the extinctions and 1 
evolutions of the other orders of vitality. The rate of j 
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yariation may differ in the respective orders, but from the 
law of variation there can be no possible exemption. And 
if this rate of variation has hitherto been more rapid in the 
higher than in the lower orders, the existing varieties of 
man must consequently the sooner pass into other and 
higher varieties. 

In the last place, a new and important element must 
over be taken into account in all our reasonings respecting 
the future flora and fauna of the globe. During the old 
geological epochs the " Law of Development," or whatever 
else it may bo termed, exerted itself universally, and this 
without control or interference by human operations. 
Now, however, and during the current epoch, man comes 
in as a modifying and sub-creative agent — ^here removing 
and extirpating, there transferring and multiplying, and 
this the more signally the more settled and civilised he be- 
comes. Observe what changes must have taken place since 
civilised man first took possession of Asia and Europe, and 
how much more since, under the impulse of modem pro- 
gress, he has carried his efforts to America and Australia ! 
The natural flora of a region must make way for his culti- 
vated plants, and the fauna for his domesticated animals. 
Ilero ho reclaims and extirpates, and this extirpation reacts 
in a hundred ways on the surrounding fauna. There he 
tmnsfcrs and acclimatises, and in a few generations the 
plants and animals of the Old World flourish and multiply 
in the Now, and by reciprocation those of the 'New World 
become equally prolific in the Old. Here he destroys the 
plant, and the animal deprived of its food shifts ground or 
dies out ; there he introduces a new am'TTiftl^ and, in the 
struggle for existence, some weaker and less elastic species 
succumbs before the intruder. Of course, there are great 
climatal limits to this transference, which the utmost inge- 
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rniity of man cannot pass, but there is no posailile end to 
hia extirpations and modifications; and thus in the lapse of 
time the natural course of vital development and distribu- 
tion will be extensively interfered with by the operations 
of man. But extensive as may be his interference, he can- 
not overrule the great Law of Progression any more than he 
can prevent the physical operations by which the continents 
themselves are continually modified. The law will go irre- 
sistibly forward, carrying man in his several varieties along 
with it J employing, it may he, his influence as a pre-ordain- 
ed portion of its operations, but still methodically ascending 
from higher to higher, till the future aspects of life difi'er as 
widely from those of the present, as its present aspects differ 
from those that preceded. 

Such are the leading features of the future, which, rea- 
soning from the order of the past and the appointments of 
the present, Geology is enabled to indicate—new distribu- 
tions of sea and land, new climates and physical surround- 
ings, new and higher orders of plants and animals ; but 
all these brought about so slowly and gradually that the 
changes become apparent only after the lapse of ages. The 
proaent, so far as we can judge, is as fluctuating as the past, 
and yet the oldest scenes of human history — India, Meso- 
potamia, the valley of the Nile, the shores of the Levant, 
Greece, and Italy — remain in all their broader features 
much as they were three thousand, four thousand, and six 
thousand years ago. So tranquil, indeed, ore the great 
physical progressions of nature that it requires some mental 
effort to perceive them ; so gradual the vital, and through 
BO many intermediate stages, that it demands an exercise of 
reason to admit their reality. But when once perceived, 
how enlarged our conceptions of the universe — a system of 
incessant fluctuation and progress in its details j a system 
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of stabOity and pennanence in its general appointments » 

To the ignorant mind, aUuded to by Br Hutton in onr open- 
ing quotation, the earth is a mere monotonous panoiama 
of birth, progress, and decay— the same now as it has been 
firom the befidnninsr. and as it is -nfvar o^ +<> x- 



— — ^ ^, - — — w»T ov» tu comanue un- 
changed and unchangeable to the end. To the enlightened 
mind, on the other hand, it becomes a scene of incessant 
development and progress — multiform and variable in its 
physical relations, diversified and progressive in its vital 
appointments, and still at every turn assuming more won- 
derful and more exalted aspects. How much more en- 
nobling this conviction of our planet's incessant mutation 
and progress than the old belief in its stereotyped same- 
ness and ever-threatened decay ! How enlarged the con- 
ceptions of Creative Wisdom inspired by a ^owled^^e of 
these ever-varying and ever-advancing aspects — these end- 
less adaptations and boundless resources ! And how much 
more when we cany our views firom this world of ouis to 
the other members of the planetary brotherhood and be- 
lieve them subject to similar laws, and characterised by 
similar appointments ! To the eye of sense they are mere 
balls swinging clearly and coldly in space ; to the eye of 
enlightened reason they become, like their sister orb multi- 
form in the details of their terraqueous surfiEices, variable in 
their physical and vital aspects, and yet throughout all 
their variability invariably conforming to a higher law of 
development and progress. 
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Volcanic accumulations of current 
epoch, 267. 
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Explanatory JTote 

THE time seems to have come when the History 
of Scotland should be rewritten from the beginning. 
Change after change has thoroughly recast the materials for 
such a task since it was last undertaken. In the course of 
the eighteenth century, a great portion of what our ancestors 
believed as true history was reluctantly abandoned at the 
bidding of critical investigators, who proved that it was fabu- 
lous; while in later times earnest and eager efforts have 
been made by men of eminent learning and capacity to 
create, each in his own department, the materials out of 
which a real history may be constructed. 



The vestiges of the early inhabitants of Scotland have 
been brought forth, and have been arranged and classified 
so as to instruct us about the warfare and the social customs 
of those who inhabited the. country before the opening of 
written history. Light has been contributed to this inquiry 
from those Scandinavian countries which were the cradle of 
the Scottish natiorL On the other hand, among these an- 
cient remains, specimens of decorative art have been found, 
so numerous and so peculiar that eminent foreign critics 
have commented on them as forming a characteristic school 
of art national to Scotland. In co-operation with these in- 
vestigations, the linguists and etymologists have been hard 
at work in identifying the several races by which the country 
was from to time peopled. 

On the sojourn of the Romans in Scotland, the hints, 
often so obscure, which have dropped from classic authors, 
have been tested by vestiges of Roman inhabitancy brought 
to light through laborious and costly searches. The rem- 
nants of the arts of the Middle Ages — especially the ecclesi- 
astical and baronial buildings, of which Scotland is so full — 
have recently been examined by critical eyes, and adjusted 
to their proper place among the relics of art belonging to 
the European nations at large. They have thus been made 
to bear testimony to the periods in which they were built, 
and to give assistance in adjusting the chronology of histori- 
cal events. 

Materials for an account of the introduction of Christian- 
ity and, the history of the early National Church have, chiefly 



tlivough the services of Irish scholars, been supplied wiA a 
clearness and a fulness surpassing all expectation. 

The Government ami the Eook-Clubs have greatly en- 
larged the bulk of the early chronicles at the historian's 
disposal; and though tliese deal chiefly with the history 
of England, they lend invaluable light to that of Scotland. 

An immense treasure of public documents has lately been 
rescued from obscurity. It includes the records of ancient 
laws, of the national Parliaments, of the ecclesiastical com- 
munities, of the municipal corporations, of the courts of 
justice, and of the national Government departments. 
These afford materials for the history not only of public 
events but of social progress, our knowledge of which is 
further aided by documents instructive as to the condition, 
from time to time, of literature, industry, and commerce. 
For later times, heaps of State Papers have been printed, 
or indicated in printed Calendars. The long intercourse of 
Scotland with France suggested a search for materials there, 
which has been richly rewarded, especially by affording a 
solution to many of the difficulties which crowd around the 
history of Queen Maiy, 

The general tenor of this great body of new historical 
materials is to bring forth, distinctly and emphatically, the 
national characteristics of Scotland, and especially to develop 
the working and details of a contest for freedom and inde- 
pendent nationality the most determined and the most en- 
^^1 during that can be found throughout all history. 
^^B To work all this into the sequence of a current narrative 



^ 



is the object of the Author of the book thus annoimced,- 
how far that object is accomplished others must decide. 



This History will be comprised in Six Volumes Octavo, Of 

these, Four, bringing the narrative down to the Abdication of 

Queen Mary, are now at presSy and will be published in 

November. The price to Subscribers will be 12s. 6d, a 

Volume. 

Orders received by all Booksellers. 
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Candi^atea for the Civil Service, and proficinuta in geojjraphy 
generally. 



I OP UODEEN OEOGEAPHY, for the Use 

ov JiisiOH Clahsks. Crown Svo, pp. 300, price 3fi. 
The 'Elementa' — fonn a careful candenaatinn of the 'Manual,' 
the order of arrangement being the aiiine, the riyer-BjBtema of the 
globe playioE the Banie connpictioua part, the proDunciation being 
given, and Vie results of the latest census beine unifumily exhib- 
ited. This voliiine if now entenBlvely introduced into maay of the 
beat Bciioola in the kingdom. 



OUTLINES OF UODEBN GEOGBAFHY : A Book for 

BEGiNNElt.'^. 18tno, pp. 112, [iHce la. 
These ' Oatlinea '— in many respects an epitomB of the 'Ele- 
roenta' — are carefully jirepared to meet the wants of beginners. 
The arrangement is the eume lu in the Author's larger works. 
Minute details are avoided, the broad outlines are graphically |ire- 
seated, the accentuation marked, and the moat recent changes in 
political geography exhibited. 



BK MACKAY'S ELEMESTART GE0GRAPHIE8.1 



THE MANUAL. 



Sfr Bodericlc L II 



■1 AddniiB to tht K 






ilily H 



Hug research with which 
s Manual K> muoh freahnesa and 



We must wlmi 
be fau Bucooeded 

originality. In bo resiwot is this cbornctcr more apparent 
pl»n of arrangBmoijt, by which the author commenees his doacnption ol 
the phrsicsai geography of each trnaC by a. sketch uf Its tnie basis or 
rtructure. The work is lately sold in SootUnd, but ha« not 
.. ..BDtly Bpohsii of in En|rlaiid. It is, indeed, a moat usefiil 
■ohool-lraalc in apeuing eat geugrapbicat knowledge. 

EngUih Joan*! tt EdneatiiiiL 

OF all the Manuals on Geography that have come under our notiM, 
we place the one whose title is given abeve In the Hrat rank. Far liilDSu 
of information, for knowledge of method in arranijeniont, for the rnancar 
in whioh the detailfl are handled, wb know of no work that oan, in these 
reqieclfl, compete with Mr Maokay'a Mauual. 



Siilr Smn. 

This volume combine* fulness with coropaotnosB ii 



i« taicen throuKhoul 


to place the facts in 
CrlUo. 


their scientiSc relation. 


This is perhspB 
of geograpliy which 
would, we think, we 


he most elaborate a 
has ever come nuder 
re he living, gire it h 

OimriUit. 


nd carefully-written t«xt-b(»k 
oui' notice. D'Anville himself 


The peouliar characteristic of Mr Ma 
towns on each river, with their rfliative 
phicalatudents. 


cka/s Manual is its elabonta 
o present in one view all the 
Bizo, In other respects it is a 
o the highest classes of geogia- 




Thi LondoiL Weekly Sevlew. 


The book is H m 
remarkably full and 


Dst valuable repcrtury of the tacts of the science, 
ncourate in detail. We cordially and eamoatly re- 



it place, for the purpose of re 



OPINIOSS DP THE niESS. 



THE ELEMENTS. 



useful little work, by the Rev. Aleiander Maokay, entitled ' Elemonta 
of Modern Geoerttphy' (BlackwoDd and Sonii). In a, former Adiirem I 
TBatured to commend tbe ' Manual of Oeognipby' bj the Esme author ; 
end the present production ia an improved aud careful epitome of ttaac 
work, whiuh can bo recommended oa a text-book to be uted in the 
il establiabments of (he country. CbnBidering tliat the b 



the heart of Aberdeeni 

,B of knaw1ed{re, 1 cannot but admire the acsidiiity 
' 'n the preparation of this elementary treaWse. 



religion | 
and tha 



lisplByed 



gTftpher for Scotl&nd, Author of tlie ' Physical Atlas,' fee &c.— 
is no work of the kiud, in the English or any other tflnyuage, k 

Important Hixhiect of which it treats. In arrangement, style, aelectioD 
of matter, olearness, and thoroiigh ancuraoy of statement. It ii ~"" ""'" ' 
a rival ; and knowing, as I do, the vaet omount of labour and 
TDu hestowod on its production, I trust it will be bo apprecit 



D«d^ Fewi.— "Thesi 






nbyo. 






„ „ . ly 'fi* Biibjeot of long and profound stndy 

The order and arrangBment of tbe volume is euperior to that of any 
other one likely to come into comparieon with it, and immensely iu- 
craaaes its utility." 

Spectator,— "The best Gecgrophy we have ever met with." 

Atlmuenm, — "Full of sound informatioDi including the reeults of the 
most recent inreatigationE, such as those of Captain Spake in Africa, 
and in every respect corresponding to the actual state of geographical 
knowledge, both physical and political." 
Jlnsenm,— " Wa are triad to be able very Btrongly to 
if teaohers, Bs one of the bi 
if gaogra[*y in eiisterco. We ee 
SB, yet within i 
We have te« 
IS of Information within our reach, and that in 
with our own country, «ith Denmark, and the United 
id any aorioua discrepancy. To aocu- 
rOiOj ann iruauTiimn ui luaLLBr ii adds toraanesB of style and cleom-js 
of arraiigemont, — the latter much aided by varietiaa of typography." 

EducaaoMl Times.—" Wherever we have sought fur spocial infon 
tion in it wo have not failed tn find it, and we know no other book of 
closH which contains so much geographical Information in bo unol 



States: we ha' 



SCHOOL ATLAS El 

Br ALEX. KEITH JOHXSTOX, 

LL.D. p.R.aE. P&G.S. F.G.a be. 
ADthor df Um RoysL and th« Phjiteil A.tlii»i, *< 



OBNEBAI. AND DBSCRIFTITE GEOQRAFHT, exUUt- 



PHTStCAL QEOQRAPET, iUutr&ting, in a Series of Ori> 

glniil DraluDS. tbe Eli^imriUiry Fiirlii of Okouhiv. IItdkolixit. Hcnnao- 



NEW 4ND ENLAHOKO EDTTIOS. 

GLASBICAL GEOOBAFHT, comprUing, in 23 Flatea, Hi.pi 



Arthur la milebte'l to the Bight Hon. W 
Kt hli iliBposHl tlie iUDBlratiiins ti> bit ma 
Hompiia A|^,^ bat BDbaiired the fAVDiu 
pliUn mid text, jie vtapted Tor ihin Atlu. 

ptimiLnent foT the odvantAife or janlor Dint 
ligETep, nEEh tha geographli^al pniiltiLm nf 4 



nlmved Mip op 1 

in rnl on Pistes 
'. E. OlndHtoas. w 

hy reviling the 



FarthslHt 
ind SV.,tlH 

mer mnd Ibo 

wtuit pluan 
to the nhole, 
B, itfl modnn 
ma carefnUj 



ASTRONOMY. Edited by J. R. Hind, Etq., F.R.A.8., fto. 

hi ABtTonDuiy. 18 Hsps, printed in eolanrs bj s dqw protesa. Hulf-bonnd, j 

BLEMENTART ATLAS OP GENERAL AND DESCRIP- 
TIVE GEOGKAPHY. mr tiis Use of Jnulor Claoem luuluding ■ MiP of | 

'■ Decldodlj' tbe beat Schuul Atluea we hi»e ever seen."— ^nclii* Jwrsolv 

*■ Tbe piKn oT theea Atlufls Is Hdnlrnlhle, and the eirellence ot the nl^x !■ 






related hie skill bj ths execn 
a i:lisracler »hiith ho «lll be parefiil not 
■J) anything thkt li onuie, ulavenl]', ot i 



tbehandaof 




GEOLOGY AND PHYSICAL GEOGRAPHY. 

By DAVID PAGE, F.R.S.E. F.G.S. 



INTRODUOTORT TEXT -BOOK OF GEOLOGY. With 



THE GEOLOGICAL EXAHIN'ATOB. A ProgreBaiTe Beilei 

Heolutty. Prepared W usaiat Teachn™ in fraiiitiw tlielr Exainlnntioiin, am] 
BtuclentB In teatlug Iheir own Piugress and Pruiloieaty. a«eoBd Bilitlou. 

INTBODUCTOET TEXT-BOOK OP PHYSICAL GEO- 



HAKD-BOOK OF GEOLOGICAL TEEMS, GEOLOGY, 
THE PAST AND PEE8ENT LIFE OF THE GLOBE. 



t\at\t 

GEOLOGY AS A BEANCH OF GENERAL EDUCATION. 




ZDUOXTIONAL BOO] 



Via niiw 

Dcrpalth. 



I cUm.'— BnliA Atmi 



InpMtBvo.prineSi. 
XaSKEWrXBJ ASITHKETIC. By Edwvd Ssag, 7.B.S.E. 
Thli tnuIltD In intfiiikd tn >iHpi>!)' the inttt drilili^ratum ol sn intellHtu^lB- 



THE HIOHEB ABTtHKETIC. B7 tlie same IxAbot. 

"We know. Indeed, of no mnra fompleUi philonophj- or piireull 
thsf conUIn ; Uiey in well wurlhy or Bit Jobn Lcitlc'a favguiits 
■linmL iipndlAM tn add. that we lumflldDr the reanoDlng of theaoT-. 
of thai rGvoaiiig anifomd; 



ele«r."— Bdlnft.ru* IfB*'!* 



i«, for 



I 



FIVZ PLACE LOOABITHHS. Airangedbj E. Suig, 7.S.S.E. 
TBEATIBE Off ARITHMETIC, witb Aomerom ExaraiBes for Teacblne 

Flh>lllU'p, l4- 

AinSLni'B LANS-flUltVEKlHa. A Vew uid Xnluiftd Edition, em- 









*iU, platf 



lintod."— WiL 



BIB WHLIAK EAHILTOir'8 LECTUBEB ON HETAPHTSICS. 

Bditid by the Rbv. H, L. Mabbeu B.D. LUD,. Wnynfletc Professor of 
Moml «Bd M.dJiphjBiial FliiloBoplir, OifiirU : nnd Joh:< Veituu, Mi, 
Frafeuor nf LciglR. Hhetorlu. ud Uetaphyijua, Bt AodieKi. Beconi 
Edition. Id 9 vofe. 61a, price a«s. 



IVSTrriTTEB OT HETAFETSIC. The Tbeoi? 1 
end piilltluil Bcoooitiy, St Andiewe, SetoDd EditioD. 



Snowi-ag uid 



Wing a 

Phi^ot 



DE8CABTEB OH THE METHOD 01 EIOHTLT COHDHCTIHO THE 

BIWSIJN, BddatekrogTnitli in tlip aripnn;B ; mid hin MEJP1TATION8, and 
BELECT10N8 rrum his PRINCIPLES OF PHILOSOPHY. In one voL, 




KDrOATIONAL BOOKS. 



EiiCB to thii nas, while [t hu prodoced > nark [n wbich tha Inte 
Uve DflVtiT Hags, Jiu Alau uiiDnd a blatorj of the time In all SAfif 
u imnplete u the mora TOlumliiinig reBoids of ft. 
A. CBTuDologlisaL Table hua been added of ffU the principal evr 



jtLal parUi^uiara 
Its, go Bttanged 



Table cif CoBtonta, containing it synoiisiB of the sntueote treated of in the bodj ol 
ATLAS to Epitome of the History of Europe. Eleven Colonrod Uapi, hf 



iniinh a readable arcoi 



Uitng tiigher tban a mere epit 
nading, and glna reaulla mi 
■uHlelent space to any ocenrn 
proareai or oharaoter of the n 
in & naai oftrining or nnb 



nttb Edition, with Indei. 
THE EIGHTEEN CHBIBTIAH CE8TUBIE8. By the Her. Junea 
White, Author of 'The Hislorj of France.' In post 8vo, prlee 7a. M. 
" He tisB eelEed the eallent polnta— indeed, fhe govemlBg InelduDta— In each 
century, and Hhown thdr received bearing as well on tholrown ago as on thepru- 
gmaa of the world. Vlgoronelj' and briefly, often byBBUigle touch, baa he luaiOied 
the trajta of Icaitng men; when needful, he touehea allghUy their blcgrauhfcal 
career. The elate oT tlie country and of socioty. of aria and learning, and, mora 
than all, of the modes of living, an gisphicaUy aketchcd, and np.m tlie whola 

" Si far Hie beat liiatorlcal epitouie ws have ever perDBed, and it auppllei ■ 
groat want in this knowing ag^y—AOat. 

HOBACE'S AET Of FDETBT, tnuulated Into Enellsli Terse Ij tlia 
A GLOSBAST OF HATIOATI05. Ceatftlning the Qefinltiou ttnd 



Jy the Bey, J. B. Hahbo 
end Naval Instmclor, I 



; John's CuUcgo, ( 
iwn OcUvo, lUmil 



w. 

M 



Seronrl Edilion, containing in'tral A'eio Ckapic 

GEOLOGY FOR GENERAL READERS, 



Br DAVID PAGE, F.R.S.E, F.G.S. 



SRSJ 



EXTRACTS FROM REVIEWS. 
Saturday Keviaw^. 
Few of our handbooks of popular aciance can be said 
greater or more deciBiva merit tUau those u£ Mr Page on Geology 
and PalKontoloffy, Thoy are clear and vigorovu in style, they never 
(^prasa the reader. with a pedantic diaiilay of learning, nor over- 
whelm him vrith a pomjioua and an] wrtiuouB terrain ulogy ; and they 
have the tutppy art of taking him straightway to the face of nature 
herself, instead of leading him bv the tortuoiu and bewildering 
paths oE technical system and artincial claaaificatiou. 

AtbenEeuiTi, 

Still no Hujieriioial geologist could treat the several topics with 
so firm a hand, and learnerti may read a chapter at a sitting with 
eaee and advantage. 

Take, for instance, the two rhapters entitled. Ice, its Forma and 
Functions, and The Glacial or Ice Kpoeh. If these be thoroughly 
perused, the reailer will have attained to a ready knowledge not 
perhaps to be easily found elsewhere. 

Qeological Ha^azine. 

This is one ot the liest of Mr Page's man^ good books. It is 
written in a flowing po[niiar style. Without illustration or any ejt- 
traneotia aid, the narrative must prove attractive to any inteUigent 

Brltiali Quarterly Bevie^v. 

Admirable in arrangement, comiirehensive in plan, and clearly 
expraaaed. In 25;l jia^es we have the hiatory and results of modem 
geology. Mr Page has increased his claims to our gratitude by 
this seasonable work. 

Reader. 

A large experience as an author and a scientific student, with a 
style of composition free, easy, and yet graceful, as distinct from 
gossip and small-talk on the one hand as from heavy and crabbed 
scientific severity on the other, make him precisely the writer most 
competent to popidarise geology, if it is to be done at all Within 
the compass of sixteen chapters, Mr Page has covered a very large 
field, and this in no flimsy or careless way. The reader meets with 
the latest conclusions of geoiofiista, with short histories of technical 
terms, with sketches of mineral vegetable, and animal classifications, 
very simply put ; and the whole is divided and combined in such a 
pleasing way as to make his book ia many resi>ects superior to^any 
text-book yet published. ^ 



NEW QENERAL ATLAS. 

Seiliratcir bi; jSpriial prmisjinn ta Scr S^aJEdii, 

THE ROYAL ATLAS 

^ MODERN GEOGRAPHY. 



By A. KEITH JOHNSTON, 

aS.B. F.B.G.B. ; Author of the "PhrBloal Allia," r 



la Imperial Folio, 



FROM THE TIMES DEC 27 1861 

\ O one («ii look thrant-b Ur Keith Johosbm 8 luiw Atlm without seolDg that It 
I' lath 1 1 f r been publ Hhed Ln Ih « oountiy To Ihoas who 

L 1 w AUu takes bb bv from us a repnmch and la 

r thu ConClDental ouea It la a Ht suLceasor 

b hnstons Oie Phyaical Altai wh h e quits 



been IbvoI^ to Ita prepArat du Bud proiiuGtlcn, but It uu 
ByareniBtl? atudy urpractjoalife crapJiy Id Its many depai 

b> iiB in the moat attmrtivfi form, every new Appliauca 

It ia a amall matter, but It will Indicate tho numberless Ilttio touch 
Kr IMlh JobnutoD has cdded to the oBerulneBs of his Allaa, IT we 



iitography being 
by whlL-h 



i 



t^t l^igal |.tl>s. 



tipeiilBB th> mlDH VI , .. „ , 

Mirk V W13II u OB Uu tront. Id ub oRliouy fttlam^ wbmi wn opun thu vt 
Md ■•• t«« blink ngH bofbn ui, we know not wbsre an Ht. and havg la ttun 
am Um pan la atasr to dnd out Here, tt whitcvn pua ws open, vs >es & 
BSmbeT bsfon sa, ud an tbenfbra n>and a little tiooue. Tbe neit pnint ire 
obwrmtaapwoIJuaMarilgbtbliuUikonilltliainaFa. Wherever vatsr li tn 
btnpnmted— aUheilhe aa-coait, or m lirer. XT a lake— the vatei-llne ie piinled 
ta blaa [nk ; and ant aobr Is tin (KsBBontiDn of lUa ookmr, bat ao elao ire tbe 
BoaDUJiianTliu naraeji. The nanU ia eortainLr moat aatiafHebny, Uach l-odFo 
■Ion iasotiMor, indtheaatUneaiifUndHid'ntMatuidDutelDaraiidbsiiatirDl 
to Um (T*. At a gluico wn can ne tli* wtiola vatanxmM of a country; end us 
BaTadfrontbebeirilderiiiscroirdedneBaof tba old stfle oT map. As we proceed 
III oar raamlDatlou wb flad tlut lit KelUi Johniiton. lor tlie eairier dlacuviuTr ot 
plauaai has Isttarad the aides of sack map, In coiT«rtH>DdeD« with u Index, n 
butt bi> a nrensca to Ika lettan on two adJuMit sidea wo can aee od wkidi ot 
the Banana fbnnad bj the Unaa of latttuda and longitude aor naJne i^ to ha RnuuL 

Thii & taaiet than fdnng the latitnde and longiEodB in tbe index. 

Shan la not miuh U be dona with the BttiE or the nuiM in &uv mneral atJu — 
nametp, that ofthe Woiid la Hemiapherc 

aton haa put tortb all Ua iklU. and he has succeeded in piodDciog eomelhlng 
very valoaUb It ii eapecialiy valoabla fin Qi^lahmen that tbe map [b ao 
■uiaged as to include the Biituh lalinda twice over. They sppeu at the ex- 
can at onoa aee the nlatkoa of Enetind to tbe olhet parts of the ^t>e. Oret 
and aboTD tUs, m cannot help notii^ the part which tlie ocmi idaya In Hr 
Johnatoa^ maps. Aeoardtng to tbe old ayateiq the U9% ia a blank, except Vtmt 
It fa Ttflarad m itiuda. Here all tha gnst cnmDla and streuni an dlimlayiiL 
and thsKnlaa or veaaalattam port lo port are elabontelr Indicated. StUlmoa 
Is tUi the case ia a nliwble map or the Baahi of the North AtUntlc Obbbb. Va 
havt ban thfl antLn BBaboaid of North America, with that of tJio Tioithem por- 
tioB of Sonlh Anurloa, fnt ona aide ot the Atlantic ; uid we hare tbs aeaboaA of 
Woften Eonipe, aa well aa of Noftbam Aftica, ' 
ban tha antin lataBd iiyitais of the North Atla. . , . 
other BDtnata ofthe ooean, together with the nmtxs 



laa of muia wbli 



IB Atlantic 




and m Naplea. together wl^ their envimoa ; and a mast elsbonte 
Basta of the "-'■'- " ' - " — '— ---^ ' "- - •^— -- " 



nliour atluea- Anally tmnpected 
/alaaUe map, the BariD of tho tiodiicn 
ofthiiM*, and their rdation to those ol tn 

Bmiy dettjl i« worked onl, wo msy stste. ._. 

map thare an uueTted aeven BlabocaCe plana of dlflcrent pi 
port and loada of HarwUlei. one of the port and golf of "— 

-•™>— iltar. onBofthe Kalteae lilandu, 01 ■ •*■- •■— ' 

be laHDDDB of VenicB, and one of tl 

nups, indeed, have these aopplomantanr pla_. , 

of the d^ snd subarla of Fail*, of the island of Conlca, ai 

. . _., . jji^ Rovolntlon. So the map of Italy hi 

'~ -irith their envirooa; and a most elst.,. 
plan of St Petersbius and its aubarbs. 
f^i .,..D.u.u.>_ u. c.v.y map. All onr colunlsl settlements aic eitcu -lui 
rflmaricable lUness. With re^id td the llap of India, perhaps there maty ba 
Boine dlOtiisDce of opinion, not indeed as to the eacellEnce of tbe chart, butaslo 
the spelling of the nemea. It [1 at first pnnllng to see the Uyiore spelt " lUNTi' 
and Lucknow " Iitlibnsii-' Ur Johnston says that this vexed qneatlan ha* cnnael 
him mncb anxiety, and tliat be has simply adapted tbe scleatik method otipd- 
Ing [Dtrodnced by flir^^lliam Jodch, uid osea by the Aalatlc and other levvad 
societies in the Trigmunnrtrical Survrf, as well aa by tbe suthor of Unlink 
Handbook fiir India, At alt events, he has done his best to prevcait any conlbsioa 
by printing the received spelling cf the nsme In conjoncHon with the scientila 
orthography. Perbspa he might have made an eicepllon In fsvonr of ceit^ 

an noperdansble eiioie. The sdvanee af thiH Atlas Ulna its predectsKtrs la M 
maritecl that it Is bypercritlcid to dwell opon a point of spdUng which ABJ OH 
who will Die Uu mkp can in a few miunles mistoc 



OPINTONa OF THE PBES 



AtlunEnm, Angtut 10. IS61. 

Uoder the Dama of " The Royal Atlas of Modern Qeogmphj," Menra 
BUckwood and Sana have publiahwl a book of mapn, which for care af 
drawiuj^ and beauty ofexaautluD appwuv to leave nuthingmors to hops 
for or desire. Science ajiel art have done thsir beat upon this md^iti- 
EEDt book. Mr A. Kaitb JohnatOQ answer? for the engraying and print' 
lug: to those who love clear forms and delicate bold type we need any 
DO more. All that maps should be. these maps arc : honest, aceurate, 
intelligible guides to narrative or descriptioa. A very guod feature is 
the Tcdex of Names attached to each plate, with tbe easy mechanical 
arrangement of lines by which any mrticnlar name that may be Bought 
Is at once found on the map. Of the many noble atlHsea prepared by 
Mr Johnston and publibhed by Meaers Elackwuod and Suns, this Royal 
Atlas will be the moat useful to the public, and will deserve Co be the 
most popular. 

HorninK Herald. 

There is scarce any science which has of late made BHch progreM as 

that of chartography. But the culmination of all attompla to depict 

the toce of the world appears in the " Itoyol Atlas," than which it is 

impossible to conceive anything more perfect The only way to teat 

. .• . -> roughly knows 

ihing eiamination so well as the fol 

the Mesars Blackwood, and bearing on ita ti 

Keith JohnatoD, We have carefully gone Dvur uiu i:ouai.-uij«gi auu ma 
interior delineation of several portions of £urope, and of North and 
South America, with which we nappen to be familiar, and, so far aa wo 
have examined, there ia not merely not an error, but the abaoluCe per- 
fection of accuracy The most magniScentgeographical work 

that haa ever issued from the press. Considering the labour expended 
on it, and the atyle in which it is got up, its cheapness is not its greatsat 
marvel. 

Qnardiau. 
Thia is, beyond question, the most splendid and IninnDUB, as well as 
the moat useful and complete, of all existing ntlaasa. To a habitual 
consulUr of mapa (which every reader of history and every man of 
science ought to bo) there can hardly be a greater luxury than these 
beautiful aheeta, which it is a pleasure for the oye to travel over, and 
upon which a -nvl quantity of the finest and most delicate work repre- 
sents a more than corresponding mass of various information. In one 
large but not cumbrous folio volume Mr Keith Johnstan has given na as 
perfect an atlas aa can well bo desired, embracing the roanlta of all the 
moat recent diacoverioa in every part of the world, as well as moat of the 
J changes that have lately occurred in Europe. .... A 
imination of several different parts of Europe which are verv 
luiuiiuiE to ua, satisfiss us of the remarkable aocurooy with whi 
work ia done ; it is very rarely that Ke mils even a new rood, where, 
aodordiDg to the scale of the map, a raid should have been given. 






the 



^^ ^ojjal %ihi. 



OPINIONS OF THE FRESS, 
Satardsr B«vleir. 
The completion of Mr Keith Johnston's Royal Allot of Modern Oio- 
fffap/ty claJTDt aspetuAl notice at our ^p-nHa, While Mr Johnatoa'sm^B 
are csrtakily unaurpasaed by itny for lability aod uniformity of dn.w- 
ing, Bs well aa tor accuroo; and judicious >eIect!on, this eminent geo- 
grmpber's Atlaa ha« a diatinguighing merit in tha fact that each map la 
ucompanied by a special iadax iif remarkabls fiilnoss. The labour and 

trotible of reference ore in thi« way reduced to a minimum 

Tlie number of places enumerated in tha Bapajata indices ia enonnona. 
We beUevo indeed that every name wliiob appears In the maps is regis- 
tered in the tables ; and oa each place is indicated by two letters, whiub 
refer tu the squares formed by the parallels of latitude and longitude, the 
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attempted to put it 



There has not, we believe, 
body of mapa equal in beautv 
issued by Mr A. K. Job 



Eiaminer- 

sen produced for general public use a 
id uompteteneas to the Royal Atlaa just 
.... Id beauty end clearness of 
epgraiiog it has never been surpassed, and the fulness of information in 
such maps as the five representing the Uuiied King>lora lEngland and 
Scotland each being enlnrged so as to fill two maps, upon which the name 
ofeveryhamlet has bean entered), or the two repreaenting India, lamar- 
Tellous. We have a mechanical perfection of name-engraving in the 
crowded map of the Nertb of England and the Southern sbset foT Soot- 
land ; the la-tt named being an e«pecial laboiu' of love, which includes 
even the footpaths^ records sites of battles, and notes minutely many 
physical features of the country, is one of wbioh a Scotchman may be 
proud. Something ef beauty as well as much clenmees ta given to the 
engraving by the use i>f blue ink Instead of blaelt for tha name of every 
lake, liver, canal, harbour, bay, or other form of water. There are also 
!s of letters used to express the character and 



This is one oftboae client and ooraplete works which have given Mr 
Johnston bis high reputation- The maps of this Atlas were originally 
piblished in parts, and at the time we exprewed our high opinion of tha 

b^uty of the work equals its accuracy. Eiquisitely engraved, coloured 
with cleamow and decision, rouds, rivers, and mountains distinctly 
marked, all the maps are grateful to the eye, and soma are really beau- 
tiflil pictures ; now they ore all bound together, they form one of the 
handsomest as well as one of the most ueeful volumes in the shelves of 
a library. The maps are "up to date" in point of modem disoovery. 
They are original, and have been compiled from authentic sources, gen- 
erously placed nt Mr Johnston's diapueal, not only by our own but by 
many foraign Govemmenta. 
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•S, B. ENGL4NB (Ti-Q Shoeta), 
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•a. IRELAND 

10. FRANCE, m Drp.BTaEKta. 

•11. SPAIN iHD PORTUGAL. . 

•li. BASIN OF MEDITERRANEAN 8EA,. 

IS, U. NORTHERN ITALT ±hd SOUTHERNS 
ITALY (Two HheeU). . . . ( 

•la. SWlTZERLAND,>iidUiBALPSor3AV0ti 



■ITHE NETHERLANDS, i 
f DENMARK and ICELAND. . .-> 
17.^ HANOVER, BRUKBWICK, MECE- \ 
K LENBURO, and OLDENBURG, .) 
•18. BOUTH-WESTERN QBHMANY, . 

•Ifl. PRUSSIA, 

■», !1. AUSTRIAN EMPIRE (Two Sheet!), 
as. TURKEY IN EUROPE, 



!S. OREF/TE and Ihe lONL 



SS. BASIN OF THE BALTI 

Se. EUROPEAN RUSSIA, 

ST. SOUTH-WEST RUSSIA 

as. ASIA 

£». TURKEY IS ASIA (AS 

TRANSCAUCASIA, 

•SO. PALESTINE. . 

31. PERSIA and AFGHAN 

•3S,3S. INDIA (Two Sheet!}, 

■S*. CHINA »nd JAPAN, 

U. OCEANIA, . 

•as. SOUTH AUSTRALIA, 
WALES, uid VICTOBI 

ST. AFRICA, 



(SCANDINAVIA), 



NEW SOUTH 1 
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3B, 40. EGYPT. NUBIA, ABYSSINIA, ( 

41, NORTH AMERICA 

•43, 43. CANADA, NEW BRUNSWICK. NOVA SCOTIA. I 
and NEWFOUNDLAND (Tn-o BStetiX , / 

•44, tS. UNITED STATES OF NORTH AMeRICA\ 

(TwoShaeU), J 

4S. WEST INDIES nod CENTRAL AUERICA, 
•47, iS. SOUTH AMERICA, , 
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INDEX GEOGRAPHICUS^ 

BEING A H3T, ALPHABETICALLY ARRANGED, 




a sulntiuite 



In tha prepomtion of thin Work, two 

easy reference to the 'Royal Allcu;' and the a 

able not only for other Atlaaas, but to a. great degree aj 

for a Gazetteer. 

In oarrjing out the fimt of these objects, oare has been taken to seeure 
iniortion of erory name that ocoora in the ' Royal Atlas,' whioh con- 
tains a larger number of positions than oan be found in aaj siroilBT 
work hitherto published. The original reforanoos to the Maps of that 
Atlas by means of Letters designating spaces on them are still retaiaed ; 
but, in addition to this, tba lAtiturla aud Longitude of every place ia 
new given, by means of which the Index can be applied to any other 
gooBTaphioat work. 

With a view to tha promotion of the general luefulness of tba lodai 
as a work of geaeral reference, not nn\y haia all tbe names ai the; 
appear ia the ' Royal Atlas' been iiiseited in it, but, so far as thar 
could be collected, all pgpular variations of those us regards spelling, all 
historioal forms or nunias, and in gonera] every form under which they 
are likely to occur in other works, hava also been includeil. Tbua, while 
"Pudacheri" and "Kaohli'' are adopted in the Map as more in con- 
aonanoa with Eostern pronunciation than " Pondi cherry" and " Cutoh." 
the latter, as of constant recurrence in ordinary usage, are likewise 
given in the Indei. 

In addition to tbe CounfrioH or Kinedoma, the suhdiviidon of then 
eountriea in which the place is situated— as Counties, Provinces, Dis- 
trict*, Prosidoncies, &c. — has been appended tn every nsma: and it ia 
hoparl that thia will materially enhance its value for all ordinary pnr- 
posaa of general reference. 
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THS PHTSICAI ATI, 
HATUKAL PHESOMESA, 



Coaiutijig ot 35 luge and 7 (null PUtn, printed in CoIootb; and 

lU fiilia Pigei ot Lanarpreu, inclnding an lodei contain' 

Ing Bpwwd* of ISAOO StbtaacM. 



•nt'Tlyatal Atlu 



nwrk or iU ojitna 



Edinbnrgli Berisv. 



i^ 



Ji by nnj YBtbol dacHpttun, 



Qnuterlj Savlev. 



Uie nfanlisi 
ractbadiir 



vnlotne to voforce in wonU. ind by in 
inemorj with ftucb di&tlocEiieH thflt tJ' 
eVimeA. Tlia Tlif^ral Atlu' t 



Ha iwiiar; but upon Ita piMc Is ibunptil iin unanDt of knovledm ttit 
■camfr be uqtilred withoiu tha icAding of ba Tuuiy boolEB aa HoiLbi unit . 



lich w« mi^t not b« tarapted ta 
ime of lefla^tloD^ uid •UfcntU it 
ihioliitiroDid be theiilnarari 
LeiD, ftt tha Bine time, npan Uie 
HI sn nut likely iflenniid* to IH 
BOMlf WDrit. i«duiaiiigitoiiI;br 




ktolj"^ deljiiled Proflpectu a 



THE PHISICAI ATLAS. 



Thin Edition contains a Maps, inclnitii 
Istaails, nith UeBorLptlva Let,teTvce» lu 
Quarto, htlt-tiound moncca, till, \^. ^ 
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